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HENRY CAVENDISH (1731-1810) 
English chemist and physicist. Although one of the wealthiest men in England, 


he devoted himself to scientific pursuits and excluded every other interest. His 
extreme shyness and sensitiveness kept him from mingling with his fellows, even with 
men of science. ‘He probably uttered fewer words in his life than any other man 
whe ever lived to four-score years.” His experimental work was marked by extreme 
accuracy, skill, and perseverance. His most notable experiments were with gases, 
es] ly hydrogen, the discovery of which led to a new field of ever-growing interest, 
namely, experiments with balloons and aerial navigat 


ition. He was the first to demon- 
strate that water could be formed from the union of oxygen and hydrogen. 
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PREFACE 


There are certain essential features that every elemen- 
tary text-book in Chemistry should exhibit. 

(1) The chief function of science, as a part of school 
education, is not to impart information, but to offer a 
training in the ecientifie method by which the mind works 
up the conerete facts of nature into generalizations. 
Hence a text-book should show how investigations arc 
conducted; and, for this purpose, the method by which 
the process of combustion and the composition of air 
and of water were discovered are presented with some 
detail. 

(2) An clementary text-book should also state some of 
the generalizations or laws of chemistry, as it is a know- 
ledge of these that indicates clearly that chemistry is a 
science. Moreover, it is essential, in order that these laws 
should be properly understood, that a knowledge of 
important substances, their methods of preparation, and 
their propertics should be stated, as it is only by means of 
such knowledge that the generalizations canbe approached. 

(3) Side by side with the advance in the knowledge of 
the facts of chemistry has moved the development of 
chemical theories, and no adequate knowledge of the 
methods of chemistry could be presented without a state- 
ment of those theories that have had, and still possess, 
such potent influence on the advancement of the science. 

(4) Chemical facts play so important a part in the in- 
dustrics and in the simple phenomena of daily life that 
1t ly necessary to show at every stage the application of 
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the chemical laws to the explanation of these facts. The 
Great War has shown so forcibly the predominant im- 
portance of the technical applications of chemistry that 
this phase of the subject is bound hereafter to be more 
strongly emphasized in elementary text-books. : 
(5) There is another phase of the subject which this 
volume has endeavoured to emphasize more than is 
usual in elementary text-books. While the facts of science 
are impersonal and are capable of being understood and 
appreciated by every normal mind, there is nevertheless 
a human side to science that the elementary text-book 
should not ignore. As facts of chemistry are glibly stated, 
it should never be forgotten that behind every fact is the 
long, tedious research by which that fact was dis- 
covered. The process of combustion, for example, which 
seems so simple to us, required 150 years of investigation 
by the keenest minds of Europe before it was finally 
elucidated by Lavoisier. A chemical fact assumes a new 
importance to the young pupil when he realizes that 
a great mind was willing to spend a lifetime in dis- 
covering it. Accordingly, pupils should be led to feel that 
the laboratories, as wellas the battlefields, have produced 
their heroes. In order to develop this human side of 
science many references have been made to the work of 
great investigators; and such classical experimentsas those 
of Lavoisier on combustion and of Dumas and of Morley 
on the composition of water have been described, and illus- 
trated with drawings of their original apparatus. In addi- 
tion, portraits of eight of the most eminent chemists will 
be found in the book, together with brief biographical 
notes. It is hoped that the knowledge of the patient, 
unselfish labours of these men may develop in the pupils 


a desire to contribute something toward the advancement 
of science. 


PREFACE sf 


Many of the illustrations have been drawn for this 
book by the senior author. ‘The original drawings of some 
of the early classical experiments have been reproduced, 
in order that the nature of the apparatus used in different 
stages of the development of chemistry should be known. 
The remaining illustrations are taken from such well- 
known texts as Roscoe's Treatise on Chemistry, Kahlen- 
berg’s Oullines of Chemistry, and Gregory and Simmon’s 
Lessons in Science. 

The authors are deeply indebted to. a number of friends 
who have contributed in various ways to the volume. 
Very special thanks are duc to Frank B. Kenrick, Ph.D., 
Associate Professor of Chemistry in the University of 
Toronto, who has gone very carefully through the text, 
giving invaluable agsistance. 

The authors will be pleased to reecive any criticisms 
or suggestions by which the book in a future edition may 
be made more useful. 


Toronto, 
April 15th., 1917. 
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CHEMISTRY 


CHAPTER I 
BURNING OF SUBSTANCES IN AIR 


ale durivg 


“The principle (substance) which unites with met 
calcination, which increasce theie weight, which bringe Usem 
into the state of calces, is nothing ele than the purest and 
most aalubrious portion of the air: 20 that, if the air chat has 
been entangled in combus hoa metal again becomes 
free, it comes forth ina very respirable condition, and more 
fitted than atmospheric ai for maintaining the inflammation 
and the combustion of bodies.” 

Antoine Leurent Lazoisier, 1276 

1. Early study of combustion... Among the various 
changes that take place in substances, some have attracted 
the attention of close observers from very carly times. 
Plants appear to absorb earthy materials from the soil 
and to convert them into the substance of their tissues; 
animals cat the vegetable tissues and convert them into 
flesh and bone; both plants and animals die, and the 
materials of their bodies decay and apparently pass away 
into almost nothing. When coal, alcohol, and sulphur 
are burned, the first leaves only a very small amount of 
material behind as ash, while the latter two entirely dis- 
appear; metals placed inan open vessel and heated strongly 
lose all their lustre, and are converted into substances 
markedly different in appearance and properties from 
the original metals, While some attempt was made to 
investigate the changes in plants and animals, the pro- 
cesses of burning and heating metals claimed the chief 
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attention of investigators during the carly history of 
chemical research, and it may be said that for 150 years, 
from the middle of the seventeenth to the end of the 
cightcenth century, the study of combustion held the 
field as a subject of research. 

Accordingly the heating of substances or calcining, as it 
was called by the carly chemists, which formed the chief 
topic of study during the infancy of chemistry, will 
naturally form a fit beginning for the study of chemistry 
in school. 

2. Burning of substances in air.—The changes pro- 
duced by burning are certainly striking enough to attract 
the attention and provoke the wonder of the student. 
A piece of wood or coal is placed in the fire; gradually it 
becomes red-hot; flames of a brilliant red and orange 
colour appear, and smoke passes upward; the wood or 
coal diminishes in size, and finally nothing but a small 
part of the former amount of material is left, and that of 
a totally different character from the original wood or 
coal. In striking contrast with the wood and coal, this 
ash is gray and earthy, and crumbles to a powder when it 
is touched. No wonder such remarkable changes 
compelled the attention of the carly chemists. Charcoal, 
also, when heated, glows and burns with scarcely a sign 
of a flame. Liquids like kerosene, turpentine, and 
alcohol burn with a flame, but, unlike wood and coal, 
leave no trace of ash behind. The gradual accumu- 
lation on the lamp chimney indicates, however, that 
other substances are formed when kerosene burns. 
Again, everybody has seen either natural or artificial 
gas of some kind burned, in a stove or for lighting 
purposes. In some of these cases of burning there is good 
evidence that other substances besides the ash or residue 
areformed. When coal and wood are consumed in a stove, 
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y, soot collects within 


the smoke rises from the chit ¢ 
the stove pipes, and, in the case of coal, a poisonous gas 
sometimes escapes. When charcoal burns, there is no 
soot and little remaining ash, but the face that, if it bums 
in a closed room, the atmosphere will soon poison a 
person present, is a certain indication that one or more 
poisonous gases have been produced by the combustion. 
‘The foregoing, and many other similar experiments, have 
led chemists to the general conclusion that when sub- 
stances burn they disappear, producing other substances, 
which are left behind or pass off into the air as gas or 
smoke. In many cases also, as in the case of all the 
foregoing substances, the buming is accompanied by 
heat and light, and frequently by flame. 

3. Calcination of the metals.—But many other 
substances, when heated strongly, act somewhat difler- 
ently. If a picce of iron whose surface has been cleaned 
is placed in a fame, it becomes warm, then red-hot, but 
docs not appear to bum like the substances already 
described. But after it has been removed from the flame 
and has become cool, the appearance of the metal will 
be entirely changed. The bright, metallic surface is now 
of a dark and dull colour, and if it is scraped with a 
knifc, comes off in ecales, quite brittle and totally unlike 
iron. In other words the surface is no longer iron, 
but a new substance; and if this outer covering is 
scraped off, it will be evident that only the surface has 
been changed, and that the interior is still iron. More- 
over, if this newly exposed surface is placed in the flame, 
it also becomes coated with the same scaly substance. 
I€ this is again scraped off, and the heating repeated, 
gradually more and more of the iron is changed into the 
new substance, and it is quite possible by repeating the 
Process to convert finally the whole of the hard, metal- 
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lic iron into a pile of a dull, black, brittle substance. 
Again, if instead of placing the iron in a flame, it is 
placed ina crucible, the same changes take place. Copper, 
lead, tin, and zine, act in a similar manner when heated; 
copper becomes a dull, black mass; lead turns to a yellow, 
crystalline solid; tin and zinc produce a white, loose mass; 
magnesium and phosphorus, when heated in a crucible, 
are converted into white substances, but during the 
process they glow brilliantly, producing much heat and 
giving off dense, white fumes. The conversion of 
the other metals into new substances is also accom- 
panied by heat, but as only a small film on the 
surface is changed, the amount of heat produced is not 
great cnough to warm them to a temperature suffici- 
ently high to make them glow. If the piece of iron is 
converted into a very fine powder, this process increases 
its surface many times. Now, if this powder is placed 
in a crucible, the surface of each grain is converted into 
another substance, and enough heat is produced to make 
the whole mass glow with a dazzling light. By the 
application of great heat, zinc, lead, and tin may also be 
made to burn with a brilliant light. 

4. Airand combustion.—But there was one factor to 
which the old chemists did not give due consideration in 
the study of the process of burning. They gencrally 
forgot that all these substances that were being heated and 
changed were in contact with the air. The pupil must 
not make the same mistake in his experiments and ignore 
the presence of the air, around everything with which he 
works. Indeed, the air being invisible and so universally 
Present, is likely to be forgotten, and, asa result, phenom- 
ena in which it plays a part may not be properly under- 
stood. The most casual observation suggests that the air 
may play a part in the burning and calcination. In order 
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that fuel may.burn properly, a good draught of air must 
pass over the burning body; if this draught is checked, the 
coal or wood burns less vigorously, and if it is cut off 
entirely, the fire goes out. If magnesium is heated in a 
covered crucible, whenever the lid is raised and fresh 
air replaces the gas within, the metal flashes up brightly, 
as if it were burning with renewed vigour. Glowing coals, 
if covered with ashes so that there is little access of fresh 
air, burn very slowly or even become extinguished before 
they have been completely turned to ash. All these facts 
compel the conclusion that air docs play a part in the 
process of burning. It will, therefore, be necessary to 
examine this process more carefully, 

5. Increase of welght during combustion.—Con- 
sider again the case of the substancesheatedin the crucible. 
One of three things may have happened: (1) They may 
have been decomposed by the heat, part of the substance 
passing off and the residuc remaining; (2) they may have 
united with something to form a new substance; or (3) 
the metal may have changed into the new substance with- 
out uniting with anything on the one hand or giving off 
any product on the other. It is quite possible to find 
out which of these three things has happened, for if the 
first process has taken place, then the weight of the residue 
will be less than that of the substance heated; if the 
eccond, its weight will be greater; and if the third, it will 
not have changed in weight at all. All that one needs 
tc do is to weigh the crucible and its contents, both before 
and after heating it. In an experiment tried with copper 
filings, the weight of the crucible and filings before 
heating was 27.522 grams, and after heating 27.093 
grams, indicating an increase in weight of .171 grams. 
Iron, lead, and tin also increase in weight. Phosphorus 
and magnesium also increase, if care is taken that none 
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of the substance formed escapes. When a candle burns, 
there scems to be no residue left, but if all the substances 
formed are collected, itis found again that the products of 
combustion are heavier than the candle itself; the pro- 
ducts are gases, and special arrangements are necessary 
to collect them. In the same way, wood, kerosene, and, 
in fact, all substances can be proved to increase in weight 
when they burn. This increase in weight the early 
investigators of combustion either did not observe, 
or they treated it as of no importance; for they made 
little use of the balance and did not put much stress 
on the weight of bodies. The neglect to consider the 
importance of the balance prevented for many years 
the solving of the problem of combustion, and it was 
not until Lavoisier began measuring the quantities of 
substances in reactions, that the problem was fully solved 
in a manner to be described. 

If a metal in a crucible, when heated, increases in 
weight, the increase must have been produced by the 
absorption of some substance from the air or from the 
flame, on the part of cither the crucible or the metal. 
It can easily be shown by heating the crucible alone that 
it is the metal and not the crucible that has increased 
in weight. Since the crucible remains unchanged, 
it is hardly possible that the gases of the flame passed 
through the crucible to unite with the metal within. So 
we are driven to the conclusion that when substances 
burn or are heated in the air, they unite with at least 
a part of it. That, however, these substances, when 
heated without air contact, remain unchanged, is easily 
demonstrated by placing the combustible substance 
in a crucible, covering it with sand or bone-ash, 
and heating it. When the sand is removed, the 
substance is seen to be almost unchanged, any slight 
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superficial discolouring being due to the small quantity 
of air that occupied the spaces among the particles 
of sand. Moreover, there is no change in the weight of 
the substance. 

6. Heated substances absorb from the alr.—Do 
those substances that react with the air in burning, 
unite with the whole of the air or with only a part of it? 
In order to answer this question, it will be necessary to 
heat the substances in a confined quantity of air, and to 
measure what part of the air has disappeared. 

The substance can best be placed in a gas bottle, which is 
lightly corked, and then heated. Iron, copper, of magnesium 
would not be very suitable, as the heat necessary to convert them 
rapidly into a new substance is likely to break or melt the bottle, 
but phosphorus kindlcs at a low temperature, and if the bottle 
is heated uniformly, there is only slight danger of breaking it. 
A pion of phosphorus as large as a pea is placed on asbestos in the 
bottle, which is then tightly corked and heated gently on all sidce 
until the phosphorus begins to ignite. The bottle becomes filled 
with dense white fumes, and soon the flame gocs out, leaving some 
brown deposit behind. The bottle is allowed to cool, and the mouth 
is chrust under water. The cork is now withdrawn, and the water 
rushes fa until it fills about onc filth of the botth. The bottle is 
thea taken out of the water, a burning splint is quickly inserted 
into it, and, at once, the Mame is extinguished. If, however, the 
spline Is insericd into a bottle filled with ordinary air, it con- 
Uinues Lo burn for a shore time, 

This experiment indicates that the air remaining in 
the flask is not ordinary air, but that the part which 
supports the combustion of the splint has largely dis- 
appeared. It might be considered possible that this 
change in the Property of the air is due to the fact that 
Phosphorus, in burning, produces a gas that mixes with 
the air, and thus affects its propertics. But the most 
careful study of the burning of phosphorus in air has 
led to the conclusion that no such gas is produced, the 
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white cloud being the only product of combustion. As 
this cloud is composed of small, solid particles, these 
soon settle down on the sides of the vessel and Icave 
the air above quite clear. If the brown substance left 
in the flask after the phosphorus became extinguished is 
taken out and heated, it soon ignites and continues to 
burn, indicating that it is phosphorus that was left un- 
burned in the air. The explanation of this phenomenon 
is that the phosphorus went out, not because it was all 
consumed, but because the part of the air with which 
it unites had become largely exhausted. This experiment 
and many others of a similar nature have led to the con- 
clusion that air is made up chiefly of two components, 
one of which unites with substances when they burn, 
and the other of which will not support combustion. 
The foregoing experiment also indicates that the non- 
combustible component of air occupies about four fifths 
of its volume. 

‘7, Decomposition of calcined mereury.—If this in- 
terpretation of the phenomenon of burning is correct, 
the black products from heating iron and copper, and 
the white products from heating zinc, magnesium, and 
phos horus contain two constituents, namely, the origi- 
nal substance and a component of the air. It should 
be possible to separate each product again into its con- 
stituents, and it would be of great interest to obtain 
this active component of the air free from the other in- 
active part. Fortunately the product left after calcining 
mercury lends itself readily to this treatment. Mercury 
or quicksilver had a great fascination for the carly 
chemists, as, indeed, it has for the modern school-boy. 
Its great weight and buoyant power, and its beautiful 
silver lustre are striking and interesting, and many 
experiments may be performed with it. It was carly 
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learned that, when heated in the air, it gradually turned 
into a red powder. ‘This red powder was led) mer- 
curius calcinatus, or calcined mercury. When sed to 
a still higher temperature it decomposes, mercury 18 
condensed on the sides of the containing vessel, and a 
gas escapes from the tube. ‘The decomposition of this 
red powder was first carried out by Joseph Priestley, 


Pricstley filled a emall Mask 
ina veawl of mercury; then he put the 
of the Mask, where- 
upon the powder 
troxe through the 
heavy mercury to 
the top. Then, in 
his own words, 
“having procured 
alens(L) of twelve 
inches diameter, 
and twenty inches 
focal distance, on 
the first of August, 
W774, Lendcavour- 
ed to extract air 
from mercurius 
calcinatus (cal- 
cined =o mercury): 
and | preswatly 
found that, by 
means of this lens, 
aie (gas) was ex- 
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ave the great heat neccsaary to decompose the substance. 
The gas which was produced, and which was recog- 


nized as a component of the air, was found to have re- 
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markable properties, and was called by him ‘‘dephlogisti- 
cated air.’ Later, it was named oxygen, the inactive 
component of the air being named nifrogen. 

8. Lavoisier’s great experlment on combustion.— 
The complete explanation of combustion was finally 
given by the founder of modern chemistry, Antoine 
Lavoisier, a brilliant French investigator, who perished 
in 1794 by the guillotine at the hand of the Revolutionists. 
His experiment, which finally settled the matter, was 
probably the most notable in the history of chemistry. 
Figure 2 is a drawing of the original apparatus. 


Priestley had told 
him of his success in 
breaking up calcined 
mercury into mercury 
and dephlogisticated 
air. As will be seen 
from the illustration, 
Lavoisier took a re- 
tort and bent up the 
neck, so that it reached 
into a glass bell-jar 
placed with its mouth 


immersed in mercury. 
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A. Glass retort containing mercury. and in the retort were 
F.G, A belljar coataining air, It stands in a Jar.R, in communication. Ile 
containing mercury. al. Charcoal furnace. 


put mercury into the 
retort and placed a charcoal fire bencath it. Nothing happened the 


first day; during the second, little red particles were scen swimming 
sover the surface, and these increased until the fifth day, but 
not after. During the same period the mercury rose in the 
bell-jar and ceased rising at the same time as the red particles 
ceased increasing. He found the decrease in the volume of air 
in the bell-jar to be 744 cubic inches. He gathered the red 
powder off the surface of the mercury and weighed the quan- 
tity of mercury remaining. He now heated the red powder, 
collecting the gas that came off, and found that its volume was 
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the same as the decrease of ai: in the bell-jar, namely, 744 cubic 
inches, thus proving conclusively that the mercury had ab- 
sorbed a component o: the air and that heating the red powder 
gave back that component in cqual quantity. Moreover, he found 
that the loss in weight of the mercury in the retort alter 
heating, namely, 4136 grains, was just cqual to the weight of the 
mercury recovered by heating the red powder, This explana- 
tion of combustion sarted modern chemistry on the road of 
Progress along scientific lines. 

Our final conclusion is that many substances, when 
heated in air, unite with one of its components, oxygen, 
to form new substances. Names are given to many of 
these new substances which indicate their composition. 
The white ash obtained from magnesium is magnesium 
oxide, the red ash from mercury is mercuric oxide. Zinc 
oxide, tin oxide, and iron oxide are the names of the 
products obtained by heating the respective metals. 

When the two main components of air were discovered, 
and the important role played by one of them, oxygen, 
in many of the best known processes about us was 
made clear, the investigation of the properties of the 
gases, oxygen and nitrogen, was undertaken with re- 
newed zeal, This study of the air and its components 
will be undertaken in the next chapter. 


QUESTIONS 


1. Would you classify amoke as a solid, a liquid, a gas, or some 
combination of thee? Give reasons, 

2. State why we consider magnesium ash to contain something 
derived from the air. 

3. Vou wish to find, by removing the oxygen, the roportion of 
Bitrogcn in a corked Lottle full of air. Which sould be pats 
tuitable for this experiment, phosphorus of magnesium? Give 
Teatons, 

4. Suggest a reason why magnesium and phasph 
converted completely into their oxides when heated, while copper 
and iron are converted on the surface only. 
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5. Why does iron burn in oxygen, but not in air? 

6. Bricke are made by shaping clay and then “burning” it. 
State, with reasons, if this is a proper use of the word “burning”. 

7. Why is yellow phosphorus kept under water? 

8. How would you show that air is made of more than one 
substance? 

0. The substances left by heating solids in air are sometimes 
heavier and sometimes lighter than the substances heated. Name 
two substances of cach kind, and explain the difference in weight 
for cach substance named. 

10. The old chemists believed that when a metal was calcined 
it gave off a substance called phlogiston. How can it be 
proved that they were wrong? 

11. Would iron rust more rapidly if ie ‘vere freely exposed 
to the air, or if it were placed at the bottom of a vessel filled 
with fine sand? Give reasons for your answer. 

12. When tin is heated in a corked glass vessel the metal 
becomes coated with a new substance. When the vessel is cooled 
and its mouth placed under water and the cork withdrawn, some 
water enters the vessel. Explain the phenomenon, and state what 
would happen to a burning splint which was lowered into the gas 
remaining in the jar. 


CHAPTER IT 


AIR AND ITS COMPONENTS 
OXYGEN 


“My reader will not wonder, that, having ascertained, the 
superior goouness of clephtogisticated air (oxygen) by mice living 
in it, [ shoukd have the curioity to taste it myself. I have 
gratified that curioty by breathing it... . Who can tell but 
that, in time, this pure air may become a fashionable article of 
luxury. Hitherto only two mice and myself have had the privi- 
Vege of breathing it.” —John Priestley, 1776 


9. History.—It has been already stated that John 
Priestley in 1774 produced oxygen by decomposing 
mercuric oxide, using as a source of heat the rays of the 
sun concentrated on the powder by means of a powerful 
lens (Fig. 1). It had undoubtedly been produced and 
recognized before that time, but had not been collected free 
from other gases, as the simple method of collecting gases 
over water or mercury had not long been discovered. 
K. W. Scheele, the brilliant Swedish chemist, had produced 
oxygen from saltpetre several years before Priestley used 
his magnifying-glass. Scheele collected jt in bladders and 
called it “fire-air"'; Priestley called it ‘‘dephlogisticated 
air"; and finally Lavoisier gave it its present name, 
oxygen, which means “acid producer’, 

10. Sources.—Oxygen is the most important of all gases. 
When it is considered that cight ninths of all the water, 
one half of all the rocks, and one filth of the atmosphere, 
are composed of oxygen, its predominant importance is 

13 
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established. As all plants and animals are largely com- 
posed of water, they contain large quantitics of oxygen; 
and even if they were heated in an oven until all the water 
was driven off, the dry part remaining would still contain 
a large proportion of oxygen. 

11, Preparation.—One of the simplest methods of 
obtaining this gas is by heating mercuric oxide, as has 
been learned in Chapter I. 

A small quantity of mercuric oxide is placed in the bottom of a 
tong, narrow, hard-glass test-tube and heated strongly. The red oxide 
first becomes black, and then, as the heat is increased, a mirror forms 
on the cooler parts of the test-tube. If a glowing splint is inserted 
into the tube, the brilliant glow indicates that oxygen is coming off. 
Finally, if the mercuric oxide is pure, no residue is left, and the mirror 
breaks up into metallic globules of mercury, which rundown to the 
bottom of the test-tube. Hence we sec that mercuric oxide, when 
heated, is converted into mercury and oxygen. 

In the foregoing paragraph it is stated that the 
mercuric oxide should be heated in a hard-glass test-tube. 
As so many chemical operations are performed in glass 
vessels, the pupil should know something regarding the 
qualities of glass. 

One reason why glass is so largely used in chemical experiments is 
that nearly all the substances used in the laboratory have no action 
on it. It may, therefore, be considered as remaining passive in 
all experiments. In making laboratory glass-ware, two kinds of 
glass are used, hard glass and soft glass. The latter is more 
easily worked, and vessels made from it are cheaper. It is called 
eoft glass because it melts at a comparatively low temperature, 
while hard glass will melt only at a very high one. On account 
of the cheapness of soft glass, beakers, flasks, and ordinary test-tubes 
are made of it, and, accordingly, they should never be heated strongly. 
Where intense heating is necessary, test-tubes or other vessels of hard 
glass are used. 

Many other substances containing oxygen give off the 
gas when they are heated strongly, and usually leave a 
residue in the test-tube. Saltpetre, manganese dioxide, red 
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lead, and potassium chlorate are examples of such sub- 
stances. Yet it would be quite wrong to infer that all 
substances containing oxygen liberate this gas when they 
are strongly heated, for many do not. Magnesium oxide 
and phosphorus oxide, no matter how strongly they are 
heated, give off none of this gas. 

In selecting a suitable laboratory method for the pre- 
paration of this gas, several things should be considered. 
A substance should be selected that gives off a large 
quantity of oxygen for every gram of the substance used; 
it should give off the gas freely at a low temperature, and 
the substance itself should be cheap. Mercuric oxide is 
too expensive. While manganese dioxide is cheap, it has 
to be heated very intensely, and it generates only a small 
quantity of oxygen per gram. Potassium chlorate is 
cheap, produces a large quantity of oxygen per gram when 
heated, and generates the gas at a medium temperature. 
If manganese dioxide is added to it, the gas comes off 
abundantly at a still lower temperature, and so a mixture 
of these two substances is always used as the source of 
oxygen for laboratory experiments. 

12, Collection of gases.—When the mercuric oxide is 
heated, the oxygen is driven off and mixes with the air. 
In order that its propertics may be accuratcly studied, 
the oxygen must be collected separate from other gases. 

Chemisis only gradually karned how to collect gases in a pure 
sate, At first the sulntance to be heated was placed ina glass vessel, 
and the gases geaceated were examined in the generator ited. Dut 
all the gases produced were mixed up together with the air in the 
veasel, and it was very difficult to tell what propertics were due to cach 
fan Stcphen Hales, a noted English physiologist of the seventeenth 
century, was the first to separate the generator in which the gas was 
Produced from the collector into which the gas was pamed. He 
Aled the collector with water, and inverted it in a vessel of water 
alled a preuma’ “trough, and then passed the gas up into the col- 
kcctor, where it replaced the water. Thus the gas could be obtained 
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i i . Gases soluble in water could not be collect: + 
in Ses used bladders for collecting such gases, but 
Priestley collected them over mercury instead of over water. 

13. Preparation from potassium chlorate.—Figure 3 
shows the arrangement of the apparatus for preparing and 
collecting the oxygen. The potassium chlorate and the 


manganese dioxide are placed in the tube zd heated. 
The oxygen passes through the delivery tube and collects 
in the bottles by displacing the water. 

14. Examination of the residue.—It has been found 
already that both potassium chlorate and manganese 
dioxide, when heated, produce oxygen, and in the foregoing 
experiment the two were heated together. We have to 
decide whether the oxygen came from one of *he substances 
or from both. If each is weighed separately before the 
reaction, and its properties studied, and if the residue left 
after the oxygen has passed off is examined, it is found 
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that the manganese dioxide is left unchanged. It can be 
separated from the other part of the residue by adding 
water to the test-tube and heating, as the manganese 
dioxide is left undissolved, while the other part of the resi- 
due dissolves quite readily. ‘There is now in the test-tube 
a solution of one part of the residue and a black insoluble 
substance intermingled with the liquid. This insoluble 
substance is said to be suspended in the liquid. Such a 
substance is now separated from the liquid by a process 
called filtration. A porous paper is used for this purpose, 
and is usually placed in a funnel. The pores in the paper 
allow che liquid to pass through readily, but are too small to 
admit -ay of the suspended particles. The liquid that 
passes through it is called the filtvate, The residue left on 
the filter paper in this case has exactly the game propertics 
as the original mangancse dioxide, and if it is all collected 

and weighed, it will be found that there has been no de- 
crease in weight. So we are justified in concluding that 

the manganese dioxide has remained unchanged through- 
out the experiment, and that none of the oxygen has 
come fromit. If now the filtrate is evaporated, a white solid 

is left behind, which is quite unlike the potassium chlorate 

in taste, crystalline form, and in most other respects; more- 

over, its tota! weight is much less than that of the potassium 

chlorate originally used. This new substance is called 

potassium chloride. The conclusion reached is that all of the 

oxygen comes from the potassium chlorate, and that 

potassium chloride is Ieft. This reaction may be expressed 

briefly in this manner: 

Potassium chlorate—>potassium chloride-+oxygen. 

The part plaved by the manganese dioxide in the fore- 
going experiment is peculiar. As we know already, the same 
Teaction takes place when Potassium chlorate is heated 
alone, but it must be raised well above its melting-point 
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(372°C.), before the oxygen begins to come off, while if 
manganese dioxide is added, oxygen is produced below 
350° C. The effect of the manganese dioxide can be well 
demonstrated by heating some potassium chlorate in a 
test-tube until the salt is all melted and bubbles are rising 
through it, indicating that oxygen is being generated, but 
not rapidly. Ifa pinch of manganese dioxide is now dropped 
into the fluid mass, a violent ebullition at once takes place, 
indicating a much more rapid generation of oxygen. A 
substance acting as manganese dioxide does in this case, 
is called a catalyst or catalyzer, and the action is called 
catalysis. From these experi- 
ments we learn that a catalyst 
increases the rate of reaction, 
and is not itself changed during 
the reaction. 


Pro. 4.—Parranation ov Oxvoan eno Sonium Peaoxios ann Warten 
E, Sodium peroiidke. =F, Prachcos. F 1, Water. L. Flenible rubber tubing. 
> Pup 


. 15. Preparation from sodium peroxide.—A third quite 
different method of preparing oxygen is by utilizing the 
action of water on a white solid called sodium peroxide. 
If apparatus is arranged as in the drawing (Fig. 4), the 
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peroxide is put into the flask, and water is poured into the 
separating-funnel. The water is then allowed to passdown 
on the peroxide, one drop at a time, and the oxygen 
thus generated is collected by displacement of water. 
The water reacts on the sodium peroxide to produce 
oxygen and a white solid called sodium hydroxide or 
caustic soda. We can express the reaction thus: 

Sodium peroxide +water—>sodium hydroxide +oxygen. 

16. Properties of oxygen.—This gas has neither colour, 
taste, nor odour, and like all other gases, it is perfectly 
transparent. Itis only slightly soluble in water. If 1,000c.c. 
of water at 0°C. had all the oxygen driven from it and 
collected, it would occupy 31.c.c. Though the quantity of 
oxygen dissolved in water seems small, it plays a very 
important part, as all fishes and other animals living in 
the water depend on it for purifying the blood. If water 
is boiled and thus freed from oxygen, a fish or other aquatic 
animal placed in it will rapidly drown. Oxygen is slightly 
heavier than air, for 1 litre of it at O°C. and 760 mm. 
pressure, weighs 1.43 grams, while 1 litre of air under the 
same conditions weighs 1.29 grams. Oxygen, however, 
is absorbed very rapidly by a solution of pyrogallic acid and 
potassium hydroxide, eo that, if the mouth of a vessel 
filled with oxygen is inserted into this solution, the latter 
rises rapidly to the top, and turns dark brown. This 
change of colour and absorption is a good test for oxygen. 

All substances that burn in air burn more brilliantly in 
oxygen. If a splint of wood with a spark on the end is 
inserted into a botue of oxygen, it will burst into a brilliant 
flame and continue to burn until the oxygen is all used. 
A gas is formed which dissolves in water. If the splint of 
wood is burned in a bottle of air the same gas is produced. 
Sulphur and phosphorus bum brilfiantly in oxygen, the 
former producing an irritating gas, and the latter dense and 
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white fumes, which soon settle on the bottom of the vessel. 
Both these products dissolve readily in water. Calcium, 
sodium, and magnesium burn brightly in oxygen, white 
solids being formed which also are soluble in water. 
No matter how intensely a piece of iron is heated in air, it 
does not ignite and burn; but, if you tip a piece of thin 
iron wire or watchspring with sulphur, ignite the latter, 
and insert the spring into a bottle of oxygen, the iron 
burns with sparkling brilliancy, producing globules of a 
black, brittle substance quite unlike iron. This substance 
is insoluble in water. 

In every case the substances burned unite with the 
oxygen to form the product left in the bottle. The sulphur 
forms sulphur oxide; the phosphorus, phosphorus oxide; the 
magnesium, magnesium oxide; etc. When these substances 
burn in air, these same products are formed, but the 
burning is with much less vigour. The reason why substances 
burn with such increased intensity in pure oxygen is casily 
explained. As a substance burns in air or oxygen it 
produces heat. This heat is communicated to the unburnt 
part of the substance and to the gases close to where the 
burning is taking place. The hotter these are, the more 
intense will be the light and the more rapidly will the sub- 
stance burn. When the substance burns in air, as only 
one fifth of this gas is oxygen, and as the heat produced 
by this quantity of oxygen uniting with the substance has 
to warm large quantities of the nitrogen of the air, the 
temperature never becomes high enough to make the 
burning rapid or the light intense. 

The soluble oxides can be divided into two classes, those 
whose solutions are acids and those whose solutions are 
bases. Acids were given this name, because they all taste 
sour (acer, sharp). They may be detected by their taste, 
but chemists have devised safer and more accurate tests, 
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one of which is the action of litmus. Litmus is a dye 
extracted from lichens in Holland. ‘This dye is used 
as a solution in water, or porous paper is dipped 
into a solution of the dye and dried. Such a prepara- 
tion is called litmus paper. Substances called acids turn 
blue litmus red; bases turn red litmus blue. Of the 
oxides already mentioned those formed by burning carbon, 
sulphur, and phosphorus, when dissolved in water, Curn 
blue litmus red, and hence their solutions are acids. On 
the other hand, the oxides of calcium, magnesium, and 
sodium, when dissolved in water, turn red litmus blue. 
and hence their solutions are bases. The substances 
whose oxides produce the bases are all bright, have a 
metallic lustre, and have other properties in common. 
They are called metals. On the other hand, those whose 
oxides produce acids have not these properties and are 
called non-metals. 

17, Commercial importance.—When Priestley dis- 
covered oxygen nearly one hundred and fifty years ago, he 
asked: “Who can tell but that in time this pure air may 
become a fashionable article of luxury?” He kept mice in 
this new gas, and because of their great activity, he be- 
lieved oxygen to have an exhilarating effect on animal life, 
and looked forward to the time when the wealthy would 
use it for producing this effect upon themselves. But itis 
now known that if it were used for that purpose, breathing 
would cease altogether and oxygen poisoning would result. 
However, Pricstley’s prophecy has been partially fulfilled, 
for oxygen is now used largely in hospitals in cases of 
Pneumonia, asthma, and coal-gas poisoning, and for 
artificial respiration in cases of drowning, and of suffocation 
from smoke and other causes. In submarines and diving- 
bells it is also largely used, diluted with nitrogen. During 
the last few years two very considerable uses have been 


92 CHEMISTRY 


made of oxygen in the industrial world. The oxy-acety- 
lene flame is by far the most effective heating agent for 
welding; many joints can be welded by this means that 
formerly had to be riveted. This flame is produced by 
burning a mixture of oxygen_and acetylene at the end of 
a nozzle. The other use is for cutting iron. We have 
seen that hot iron burns in oxygen. If a gas flame plays 
on a piece of wood, it will in time burn a hole through 
it. If the flame is moved slowly across the wood, the 
latter will soon be cut in two. Similarly, if a thin jet 
of the oxy-acetylene flame plays against a piece of iron, 
the iron will burn like the wood, and a clean cut can be 
made through the hardest armour-plates, twenty-four 
inches thick, at the rate of one foot in five minutes or less. 
As iron plates can be cut along any line, whether curved 
or straight, one can easily see how extensive may be the 
application of oxygen in this direction. Probably 
500,000,000 cubic feet of it are used industrially each 
year, and this use of oxygen is yet in its infancy. 

The growth of the industrial use of oxygen is due to 
the fact that the price of manufacturing it has greatly de- 
creased within recent years, until now it can be produced 
at about 1 cent.per cubic foot. The commercial method 
of production will be considered after the chemistry of 
nitrogen has been described. 


NITROGEN 


“The gas, nitrogen, serves as a blanket to keep the world 
from burning up in the oxygen of the atmosphere. . . . The 
slightest fire could start o great and overwhelming conflagration. 
A singte touch might commence the conflagration of the world." 

—Hollis Godfrey 
: 18. History.—In 1772 Dr. Rutherford, a learned Scot- 
tish professor of botany, found that when mice were kept 
in a vessel of air until they died, and the gas they 
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exhaled was absorbed by alkali, there remained a gas of a 
smaller volume than the original air. This residual gas he 
called “phlogisticated air.” He also studicd some of its 
properties. Lavoisier, who extracted the oxygen from 
the air by mercury, as we have scen, (Fig. 2), called the 
remaining component of the air “azote”, meaning, “not 
having life”, in reference to the fact that it docs not 
support life. Later it was called nitrogen, because it was 
found to be a constituent of nitre, or saltpetre. 

19. Sources.—The chicf source of nitrogen is the 
atmosphere, which contains about 78 litres of nitrogen in 
every 100 Jitres of air. It is not an important component 
of the earth's crust, but it is found in Chili saltpetre, of 
which there are extensive beds in Northern Chili, It is an 
important constituent of the guano found on desert islands 
in the Southern Ocean. Besides, it forms an essential 
element of the living parts of all organisms, from the 
most lowly germs to the giant trees and to man himself. 
When plants and animals decay, nitrogen is always found 
in the products of their decomposition. . 

20. Preparation. —<s air contains nitrogen in immense 
quantities, and as the other main component of air is oxy- 
gen, the method that naturally suggests itself for preparing 
nitrogen, is by separating the oxygen from the air, and in 
fact this is one of the best methods of obtaining nitrogen. 
Arvange the apparatus as in Figure 5. In the horizontal 
hard-glass tubing are placed either copper turnings or iron 
filings, and the tube is heated until the metal in it is red- 
hot. The air is forced through the apparatus by pouring 
water slowly down the funnel. During its passage over 
the red-hot metal, this metal combines with the oxygen of 
the air, and nitrogen is collected over water in a gas bottle. 
__ Iron unites with the oxygen of the air, not only when it 
is hot, but even when it is cold, if the air is moist. The 
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iron withdraws the oxygen, and turns into rust; hence it is 
only necessary to tie iron filings loosely in cheese-cloth, 
place them in a bottle of air with its mouth under water, 
and alt the oxygen will be taken from the air. But the 
action will be much slower than if the iron were hot. 
Red-hot iron will take all the oxygen out of a quantity of air 
in a few minutes, while iron at the temperature of the 
room may take several days to-extract the oxygen from the 
same quantity of air. Carbon or sulphur could not be used 
instead of iron or copper, for while 
they unite readily with the oxygen, they 
form gaseous substances, as we have 


Pro. S—Muerrioo o7 Parranino Nrraoorn prom Ain 


already learned, and the nitrogen would be mixed with these 
gases. However, it would be quite possible to get rid of 
these impurities by adding substances that would absorb 
the former. In Rutherford’s experiment, referred to in Sec- 
tion 18, the impurity mixed with the nitrogen was the gas 
exhaled by the mice. To this he added alkali which 
quickly absorbed it, and the nitrogen was left. 

Nitrogen can be prepared from other substances besides 
air. If sodium nitrite and ammonium chloride, both of 
which contain nitrogen, are mixed and then dissolved in a 
little water in a flask, and heated gently, nitrogen bubbles 
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off in a steady stream, and can be collected over water. 
This is the best laboratory method of preparing nitrogen, 
and produces a purer gas than the method of producing it 
from the air as already described. 5 

21. Properties.—Nitrogen has no smell or taste. It is 
colourless and is only slightly soluble in water, as its 
method of collection shows, one litre of water at 0°C. dis- 
solving 24 c.c. of nitrogen. It is not so heavy as oxygen. 
L litre of it at 0°C. and 760 mm. weighing 1.250 grams. It 
can be converted into a liquid as clear and colourless as 
pure water. 

If a piece of burning 
phosphorus or a_ blazing 
splint is plunged into a jar 
of this gas, the flame is 
at once extinguished, and 
all action ceases. The 
same happens to bum- 
ing sodium, calcium, and 
sulphur. It is quite differ- 
ent, therefore, from oxygen 
in this respect. Only with 
difficulty can it be made to 
unite with magnesium and 
calcium. 

In the horizontal, hard-glas 
lube (Fig. 6) ia pliccd some pow- 
dered magncsium in a porcelain 
boat. Pure nitrogen i< pasicd 
through it from right to left 
until all the air is expelled from 
the apparatus, Then the tap is 
basen baa bear tube baibis 

i rong). t ct mit u 
waler owing to the expansion ol the fas by ee oierel 
crass when the inagamium reaches 900°C. and the coloured 
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water begins to rise in the tube, indicating that some of the nitrogen 
is being absorbed. An examination of the magnesium will show that 
it has changed its appearance. 


The substance formed when magnesium unites with 
nitrogen is called magnesium nitride, just as its compound 
with oxygen is called magnesium oxide. Calcium with 
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nitrogen forms calcium nitride, and 
other nitrides can be formed in a 
similar manner. 

We say that nitrogen is an inactive 
substance, meaning that it does not 
readily act on other substances. But 
recently it has been found that when 
an electrical discharge is passed 
through the pure gas, the latter 
becomes very active. Phosphorus 
then combines violently with it, 
iodine burns in it with a beautiful 
blue flame, and sulphur also burns in 
it with vigour. 

22. Uses.—Up to quite recent 
times nitrogen has been used to a 
very small extent, and at the 
present time its chief commercial 
use is for filling the bulbs of electric 
Jamps. 

We have said already that every 
plant contains nitrogen, yet none of 
our green plants are able to utilize 
the nitrogen of the air. Though 
they have their roots, stems, and 


leaves in immediate contact with the billions of tons 
of nitrogen in the atmosphere, they would starve to 
death for want of nitrogenous food unless the soil 


AIR AND ITS COMPONENTS 27 
contained other nitrogenous materials than air. Some 
few plants are able to feed directly on the nitrogen of 
the air, but they are of a very low type, being bacteria. 
Peas, beans, clovers, vetches, and a few other plants can 
thrive in a soil that contains no nitrogenous material 
except air. If these plants are carefully pulled up. 
numerous little swellings called nodules (Fig. 7) are found 
on their roots, and, when these nodules are examined 
under the microscope, they are found to be teeming with 
bacteria; these convert the nitrogen of the air into other 
substances, which the higher plants are able to use as 
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food. As the stock of nitrogenous foods for plants is 
being used as manures much more rapidly than it is 
being manufactured in nature, many endeavours have 
been made to convert the atmospheric nitrogen into 
substances that can be used as manures. In recent years 
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success has been achieved, and now a manure called 
calcium cyanamide is formed by passing nitrogen over 
heated calcium carbide, and is being manufactured in 
large quantities in various countries. A very large factory 
for the manufacture of this fertilizer is situated at 
Niagara Falls, Ontario (Fig. 8), with numerous buildings 
covering forty-two acres,and employing almost 2,000 work- 
men. This is the largest chemical industry in Canada, the 
annual capacity of the factory being 64,000 tons of 
cyanamide. 


AIR 


23. Composition.—Air, as we have seen, is composed 
chiefly of the gases, oxygen and nitrogen. One hundred 
litres of air contain about 79 litres of nitrogen (includ- 
ing argon) and 21 litres of oxygen, while 100 grams of 
air contain about 77 grams of nitrogen and 23 grams 
of oxygen. We have learned already how Lavoisier 
found the approximate composition both by weight 
and by volume. The usual method of finding the 
percentage composition by volume is to measure a 
volume of air, then to extract the oxygen from it, 
and finally to measure the volume of the remaining gas. 
Lavoisier used mercury to absorb the oxygen. Moist 
iron filings, phosphorus, or a mixture of potassium hydrox- 
ide and pyrogallic acid can also be used effectively. 

For more than two hundred years air had been studied 
and analysed with more attention than any other substance, 
and by the most gifted chemists. Its composition was 
already considered settled, when in 1895 Lord Rayleigh 
and Sir William Ramsay startled the scientific world by 
announcing to the British Association that they had 
found a new gas in the air. The statement was at first 
scarcely believed, but the evidence was so convincing that 
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the statement could not bedenicd. Rayleigh had found that 
the nitrogen prepared from air by extracting the oxygen was 
heavier than the nitrogen prepared from other substances. 
Ramsay found that if atmospheric nitrogen were passed 
over hot magnesium, most of the nitrogen united with the 
magnesium. But there was a part which, no matter how 
frequently it was passed over the heated magnesium, 
remained inert, and could not be made to unite with it. 
This he recognized as a new component of the air and 
called it argon. Hence atmospheric nitrogen is really a 
mixture of nitrogen and argon; and as the latter is heavier 
than nitrogen, atmospheric nitrogen is heavicr than pure 
nitrogen formed in other ways. Since that time Sir 
William Ramsay has found no fewer than five other com- 
ponents in the air: namely, Aclium, neon, Arypton, xcnon, 
and nifon. While argon forms almost one per cent. of the 
air, these form only an infinitesimal part of it. 

In addition to these components air contains variable 
quantities of water vapour, carbon dioxide, ammonia, and 
other gases. 

When these latter substances are taken from the air, 
the percentage of the main components is almost invariable. 
Whether the air be taken from over the ocean, from the 
top of a mountain, or from the depths of a mine, it contains 
approximately the same percentage of oxygen and nitrogen. 
However, by very accurate experiments, differences in 
composition are noted, and these differences are too great 
to be accounted for by any errors of experiment. More- 
over, meteorologists state that in the higher strata of the 
atmosphere the percentage composition differs very greatly 
{rom its composition in the lower strata. 

24. Properties.—One litre of air at 0°C. and 760 mm. 
pressure weighs 1.293 grams. 

When air is dissolved in water, the proportion of oxygen 
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to nitrogen is changed. The following table shows this 
plainly: 


Air dissolved | Air undissolved — 
in water in water a 


35.1 | 20.96 
64.9 | 79.04 
‘ | 100.0 | 100.00 


25. Liquid air.—It seems strange to think of air in a 
liquid or solid state. Yet under great pressure and at a 
very low temperature the air turns into a transparent 
Jiquid of a faint blue colour, and if the temperature is 
lowered still more, the air becomes jelly-like and finally 
turns to a white solid with a tinge of blue in it. 


Liquid air is prepared in a complicated apparatus, the construction 
of which is made clear by Figure 9. N isa compression pump that can 
utilize cither the air as it returns from the liqueficr, or external air 
which is admitted at A by the opening of a valve. In the coils in L 
the air is compressed and cooled by the cold water which circulates 
Uwrough the outer vessel, The spiral coil in H_ is composed of a 
double set of pipcs, one inside the other, and the length of pipe 
is very great in the real machine. The compressed air passes in 
through the inner pipe and escapes through the nozzle (M) into the 
tank (F); here it suddenly expandeas the pressure is diminished, and like 
all expanding gases it becomescooled. It then passes back through the 
outer pipe (E), and, as it does so, it cools the compressed gas which is 
passing in the opposite direction in the inner Pipe. As the air is kept 
in continuous circulation, it becomes cooler and cooler until it reaches 
about—190°C., when some of it condenses into a liquid in the reservoir 
(F). By continually allowing new air to enter at A more liquid accumu- 
lates at F., and can be drawn off through the tap(T). It is usually 
kept in Dewar flasks (Fig. 10). These are made of double metal, 
and have a vacuum in the space between the two layers of metal. 
Liquid air can be kept for many hours in such vessels, plugged 
with cotton wool. If liquid air is left in an open veasel, it becomes 
richer in oxygen, because the nitrogen evaporates at a lower tem- 
Perature than the oxygen, and on account of this phenomenon it is 
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pamible to obtain pure oxygen and pure nitrogen from liquid air. 
Immense quantitics of these gases are now prepared in this ways 
the oxygen is used for oxy-acetylene welding and for metal cut: 
ting, while the nitrogen is uted for preparing cyanamide (Sec. 22). 
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As the uses of these gases are bound to increase, their preparati. 
will become of increasing importance. Already commercial alanis tor 
this purpose are in operation at Toronto and Montreal. 
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Liquid air produces a remarkable effect on substances 
by lowering their temperature. If a rubber ball were 
immersed in liquid air and then taken out and thrown on 
the floor, it would fly to pieces like a ball of glass; on the 
other hand, a ball of iron, if thrown on the floor after 
immersion would rebound al- 
most like rubber. A tin cup 
containing liquid air becomes 
as brittle as glass. Ifa jet of 
burning gas is plunged into 
liquid air it continues to burn, 
while the water formed by the 
burning turns into ice. 


QUESTIONS 


1. How can it be proved ex- 
perimentally that air is composed of 
oxygen and nitrogen? 

2. What is a.catalyst? What facts 
do we require to prove regarding a 
substance, to be sure it is a catalyst? 

3. How would you explain the 
tarnishing of metals in the air? 
What metals do not tarnish? Why? 

4. In tinware the vessels are made 
of eheet-iron covered with tin. Why 
is the iron so covered ? 

5. A 1,000 c.c. flask is filled with 

vessel was acakd off er ene tap water at 10°C. The water is 

feat pitt aia boilea and the dissolved gases 

eas occupying 22.37 e.c. are collected 
in a gas bottle over mercury. Some moist iron filings are inserted 
into this gas and the volume gradually shrinks to 14.50 c.c. 
Find how many cubic centimetres of oxygen and of nitrogen are 
dissolved in 100 c.c. of water. (Assume that only nitrogen and 
oxygen are dissolved in water.) 


6. A quantity of air is passed over heated copper in a combustion 
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tube, and the nitrogen that passes over is collected in an evacuated 


globe. 
The emmy globe wcig! enncertsccnscccrecccoec es SOLS Grams 
The globe-+nitrogen weight:-+++++5+ +22 eee 0 +++403.907 grams. 
647.666 grams. 


The combustion tube befure the experiment weight... 

The combustion tube after the experiment weighs.....651.348 grams. 

Find from thee data how many grams of nitrogen and how 
many of azygen are contained in 100 grams of air. 

7. If the air were pure oxygen, hew woukl it affect the burning of 
substances? 

8. Is oxygen a suitable gas with which to fill balloons? Give 
teasons for your answer. c 

9. Deseribe four methods by which oaygen may be removed from 
the air. 

10. Why is oxygen not used instead of air for the draught in furnaces 
apd stoves? . 

11. A minture of cqual volumes of oxygen and nitrogen is shaken 
up thoroughly in a bottle: with water which has been recently boiled. 
In what respect is the composition of the gas which remains in 
the bottle above the water changed? flow would you show this 
difference by experiment? If the water were boiled, and the gas 
that came off from it collected, in what respect would its com- 
position differ from that of the orginal mixture? 

12 Calculate the weight of one litre of a mixture of oxygen and 
nitrogen in cqual volumes. (There is 50 change in volume on 
mixing.) 

13. If 21 litres of oxygen are mixed with 79 litres of nitrogen to 
make 100 litres of the mixture, all measured at O°C. and 760 mm. 
pressure, find the weight of one lire of the miature. Compare it 
with tbe weight of onc litre of aix (Sec. 24), 


CHAPTER IIT 


SOME CHEMICAL LAWS AND TECHNICAL TERMS 


“Substances were thought of as things distinct from their 
qualitics; a6 things whose real nature was concealed by their 
envelopes and did not become apparent until these envelopes, 
which were the qualities of the substances, had been destroyed.” 

— Pattison Muir 

26. Pure substances.—Now that we have studied 
several substances, have learned how they react, and have 
obtained a little insight into the method of conducting an 
investigation, we had better pause to give more exact 
significance to some of the words we have been using, and 
to classify some of the facts which we have learned. 

We consider the world to be composed of bodies, each 
of which has a definite form and size. But many of these 
bodies we recognize as composed of the same substance. 
A chair, a table, and a door are different bodies, but each 
is composed of the same substance, wood. We have 
applied names to many of these substances, such as iron, 
granite, air, and water. If substances are morc closely 
examined, it is found that they can be divided into two 
great groups. If specimens of water from the sea, from 
a lake, from a turbid stream, and from a rain barrel arc 
examined, it is found that they differ very greatly in their 
colour, taste, specific gravity, boiling-point, etc. If each 
is boiled and the vapour that passes off is condensed, the 
liquid obtained in each case is identical in its colour, taste, 
boiling-point, specific gravity, and in many other respects. 

Hw 
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This liquid we call pure water, and though it can be pre- 
pared by many methods, it always has identical propertics. 
The substance, silver, can be prepared in a variety of 
ways and from many substances, but it is possible in every 
case by purification to obtain a substance with identical 
properties; this substance is called pure silver. Substances 
like pure water and pure silver that, though prepared by 
a variety of processes, have identical properties are called 
pure substances. 

27. Properties of pure substances.—Compare a 
silver medal, a silver epoon, and a silver thimble. Each 
is a separate body. They differ from each other in several 
reapects; they have different weights, different volumes, 
and different shapes; they [eel diflerent to the touch, the 
spoon feeling smooth, the thimble rough; one may feel 
cold, another warm, ctc. But they have also many 
propertics in common. All have the same colour and 
lustre; the specific gravity is the same for all; all fuse at 
960°C.; all boil at a white heat; all conduct heat and 
electricity, ete. Again. if they are dropped into nitric acid, 
all are destroyed and brown fumes are given off; while 
if they are heated with sulphur, all turn black. The 
differences are accidental, and it is possible to change any 
one of the accidental properties with case, and leave the 
other propertics unchanged. The ways in which they re- 
semble cach other are, however, fundamental, and no 
fundamental property can be changed without changing 
them all. 

The fundamental properties possessed by all bodics 
composed of silver are called specific properties; the 
incidental properties such as shape, volume, weight, ctc., 
are called attributes; while the temperature, pressure, or 
electrical state that affects these specific properties is 
called a condition of the body. Similarly every pure sub- 
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stance can be moulded into many bodies. In this respect 
we may compare bodies with individual animals or plants. 
Certain individual animals have some characters in 
common, and all those animals which have these common 
characters are said to belong to the same species. The 
qualities they have in common are called the specific 
characters. Similarly a pure substance is sometimes called 
a chemical species, and, as we have just said, the characters 
common to the different bodies composed of this substance 
are called the specific properties. In one important respect 
the pure substance differs from the animal species. In the 
animal kingdom the individuals show slight differences 
even in the specific characters. In the pure substances, 
however, there is absolutely no variation. Each specimen 
has always exactly the same specific properties, and if 
any of these properties change in the least, the specimen 
is no longer held to be the same pure substance. 

This fact that a pure substance always possesses the 
same properties is the fundamental law of chemistry, and 
is called the law of the conservation of propertics. Chemists 
were very slow to realize the truth of this Jaw, and yet 
the chief work of chemistry (finding the properties of 
substances) would be a useless task, if these propertics 
were not fixed, but varied from day to day or differed in 
different localities. Silver, wherever it is found or however it 
is produced, always possesses the propertics already stated. 

It is to be observed that the specific properties of a pure 
substance are dependent on its conditions of temperature, 
pressure, etc. The colour of silver is white and metallic 
at a low temperature only, while at a higher temperature 
it changes to a luminous red. So, to be strictly accurate, 
when the specific properties of a pure substance are stated, 
the conditions under which it possesses these properties 
should also be indicated. 
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In identifying a body it is not necessary, in practice, to 
find whether it possesses all the specific properties of its 
species; but if it is found to possess two or three of them, 
ic is almost certain to possess them all. Ifa body were 
tested and found to melt at 960°C. and to turn black 
when heated with sulphur, these facts would be sufficient 
to identify it as silver. 

28. Mechanical mixtures and solutions.—Many 
substances are not like pure water and pure silver. If 
a number of salt solutions are examined, it is found that 
the different members have not identical propertics, but 
differ in taste, specific gravity, boiling-point, and in other 
specific properties, and all the possible sult solutions can 
be arranged in a set with cach property changing steadily 
as we pass along the set. Ina single member of the set 
the properties are uniform throughout the mass; in other 
words it is Aomogencous. Such mixtures are called 
solutions, and their properties will be more fully studicd 
later. Air is a solution of oxygen and nitrogen, and many 
alloys are solutions of two or more metals. 

If several specimens of muddy water are examined, it 
is found that the various specimens, like the solutions, 
differ in some of their properties, such as colour, taste, and 
specific gravity; but unlike the solutions the boiling-point, 
(reezing-point, vapour pressure, ctc., are the same in all 
the specimens, and in every case are identical with those 
of the water, indicating that the properties of the water 
remain unchanged. Moreover, a sample of the liquid is 
not homogencous, as the solid particles can be detected by 
the cloudiness. .\ substance showing such Properties 
is called a mechanical mixture. Granite, smoke, soil, and 
many other substances, are mechanical mixtures, 

Au solutions and mechanical mixtures can be made by 
mixing together pure substances, and the word mixture 
is used in this book to include both. 
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Thus all substances can be classified according to the 
following scheme: 


eo substances 


solutions 
mixtures | 


mechanical mixtures 


Substances 


29. Physical and chemical change.—If a piece of 
iron is filed until it is entirely converted into iron filings, a 
marked change has taken place in it, but each particle has 
the same specific properties as the original piece; that is, has 
a bright metallic appearance, is attracted by a magnet, 
melts at the same temperature, etc., and hence is the same 
pure substance. But if we allow the iron filings to remain 
in a damp atmosphere for a few days, a remarkable change 
takes place. Iron rust replaces the iron, and we have a 
pure substance with entirely different specific properties; in 
other words we have a different pure substance. Similarly, 
when red mercury oxide is heated, this pure substance 
disappears, and two other pure substances, oxygen and 
mercury, are formed, which are quite unlike the red oxide 
in their properties. Changes like the rusting of iron, the 
heating of mercury oxide, or the burning of magnesium, in 
which one or more new pure substances are formed, are 
called chemical changes; changes in form, size, temperature, 
pressure, magnetic conditions, etc., are called physical 
changes. While the foregoing characteristics will usually 
allow one easily to decide to which class any change 
belongs, there are certain phenomena, such as melting 
and boiling and the process of solution, that are sometimes 
placed under physical change and sometimes under chemi- 
cal change. The more usual practice among chemists, 
however, is to call them physical changes. Whenever any 
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substance or substances undergo a chemical change in the 
laboratory, such a process is called a chemical reaction. 

30. Physical and chemical properties.—Substances 
have two kinds of properties. Silver is a white, lustrous, 
ductile metal; its specific gravity is 10.5; it conducts heat 
and electricity well. These propertics do not involve the 
changing of silver into another pure substance, and such 
properties are called physical properties. Silver, when acted 
on by nitric acid, forms a white salt; and, when it is heated 
with sulphur, it is converted into a black substance. These 
properties involve the conversion of silver into some other 
pure substance, and such properties are called chemical 
properties. 

31. Conservation of welght.— Many phenomena might 
lead one to think that substances can be entircly de- 
stroyed. A candle burns away and seems to leave nothing 
behind. A pound of coal when consumed leaves only a few 
ounces of ashes. On the other hand eubstances might 
sometimes appear to be created out of almost nothing. 
Three centuries ago van Helmont, a Belgian scientist, 
planted a willow tree weighing $ pounds in a pot of carth, 
which when dry weighed 200 pounds. He added nothing 
to the pot but pure water, yet at the end of five years the 
willow weighed 169 pounds. When the pot of carth was 
dried the surprising result was found that it had lost only 
two ounces in weight. Where had the added 164 pounds 
come from? If, however, these examples are examined, 
the results may be casily accounted for. Though 
the candle and the coal disappeared, it is easy to prove 
that gases and smoke passed off from them, and that these 
have weight. While the willow increased in weight by 
164 pounds and absorbed only a few ounces from the 
earth, yet the increased weight may have been absorbed 
from the water or the air, for it is well known that much 


40 CHEMISTRY 


plant food is obtained from these sources. Evidently only 
the most exact experiments can settle the question whether 
substances ever entirely lose any of their weight in being 
transformed into other substances. 

Lavoisier was the chemist who first devoted serious 
attention to this problem. He placed tin in a large 
glass vessel, sealed up its neck, and weighed the whole. 
The tin was then heated until it melted, and was kept at 
that temperature for several hours, until part of the tin 
was converted into a blackish powder. The whole was 
weighed again, and it was found that there was neither 
loss nor gain of weight. He performed many similar 
experiments, and always. obtained the same results. He 
was thus able to establish the great chemical law of the 
conservation of weight, namely, 
that in any chemical reaction the 
total weight of the reacting sub- 
stances 4s the same after the 
reaction as before it. The law 
can be easily illustrated in 
the laboratory. 


A 


Into a flask containing 10 c.c. of 
silver nitrate solution insert a test-tube 
half filled with a solution of common 
salt. Cork the flask and weigh it 
accurately; then tilt it up so that the 
salt solution runs out into the flask. 
A chemical change at once occurs, a 


N~ —M- 


Fro, It Lanpotrie Tune ron Paov. curdy, white precipitate being formed. 
N. Tube mady for filling. Then weigh the flask and contents 
M. Tube fled and sealed off again, and it will be found that no loss 


wtioe 3" where the tubes were or gain of weight has occurred, though 
a new eubstance has been formed. 

This taw has been re-inveatigated recently by Landolt, who used a 

tube like Figure 11. In the two arms he placed substances that re- 

acted on cach other. Then the tube was sealed off at the top and 
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weighed with great precision. The liquids were mixed by tilting the 
Lube, and the apparatus was weighed again. Ife found alice conduct- 
ing such capcriments for vacnty years with various ects of suly 
uances, that if there is any change at all in weight during a re 
action, it is less than one part in ten million. 


This law has been assumed in some of the experiments 
discussed in preceding chapters. Magnesium when heated 
in air increases in weight, and we inferred from this that it 
had absorbed a part of the air. If substances were 
liable to gain or lose weight without cither uniting with 
any new substance or giving any off, no inferences could be 
made, because a substance might change its weight at any 
time. But this law teaches that every substance carrics 
its weight with it through all ita reactions. 

32. Elements and compounds,—If mercury oxide 
is heated strongly, two pure substances are produced, 
and the sum of their weights is equal to the weight of the 
oxide used. Similarly, if potassium chlorate is heated, 
(wo pure substances are produced from it whose com- 
bined weight equals the weight of the potassium chlorate. 
In the case of the mercury oxide the two substances pro- 
duced are oxygen and mercury; and in the case of the po- 
lassium chlorate, oxygen and potassium chloride. It is 
possible to obtain from potassium chloride two substances 
called potassium and chlorine, whose combined weight is 
exactly equal to the weight of the potassium chloride from 
which they were obtained. Oxygen, mercury, potassium, 
and chlorine have been subjected to many chemical oper- 
ations, but never has any one of them been decomposed 
into two or more pure substances. Pure substances like 
mercury oxide, potassium chlorate, and potassium chloride 
are called chemical compounds, or more briefly, com- 
pounds; while substances like oxygen, mercury, potassium, 
and chlorine, which have never been decomposed, are 
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called clements. Accordingly, all pure substances are 
divided into these two classes. 

As mechanical mixtures and solutions can be prepared 
by mixing pure substances, they also can be decomposed 
into elements. Most of the many thousands of pure 
substances that can be prepared are chemical compounds, 
only about eighty of them being elements. All of these 
compounds are formed by the combination of two or more 
of these elements in various proportions. 

From what has been stated regarding elements, it will 
be inferred that some substances which are now considered 
elements may in the future be decomposed; they will 
then be classified as compounds. Such has been the fate 
of some of the substances formerly classed as elements, and 
there can be little doubt that future investigation will 
show that others also are compounds. 

33. Conservation of elements.—One element can- 
not be converted into another element, and if two 
elements unite to form a compound, none but these 
two elements can ever be obtained from that com- 
pound. Elements, then, may pass in and out of compounds, 
but they are always conserved. This general fact of the per- 
manence of the elements is frequently called the law of 
the conservation of the elements. For hundreds of years 
the whole energy of chemists, or alchemists as they were 
called, was devoted to the converting of one element into 
another. They were particularly interested in endeavouring 
to convert the baser metals, such as lead, into silver or gold, 
but, of course, they failed. It was only after hundreds of 
years of failure, that this law of the conservation of the ele- 
ments was established. Within the last few years, however, 
one of the most brilliant chemists, Sir William Ramsay, re- 
vived the doctrine of the transmutation of the elements; 
as some careful work of his would seem to indicate that 
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the law of the conservation of the elements is not truc m 
all cases, and that, in some cases at feast, one clement 
may be converted into another. 

34. Combination and decomposition.—When two 
pure substances unite chemically to form a single new 
pure substance, as when magnesium burns in oxygen to 
form magnesium oxide, the chemical reaction is called 
combination. When one pure substance is decomposed 
to form two or more pure substances, as when mercury 
oxide produces mercury and oxygen, the chemical reaction 
is called decomposition. Other examples of combination 
are the burning of iron, charcoal, and sulphur in oxygen, 
when these unite with oxygen to form iron oxide, car- 
ben dioxide, and sulphur dioxide, respectively. Other 
examples of decomposition are the heating of potassium 
chlorate to form oxygen and potassium chloride; and the 
heating of manganese dioxide, potassium permanganate, 
and barium dioxide to produce oxygen, the other product 
of the decomposition in cach case being left as a residue 
in the test-tube, 

35. Law of definite proportions.—I( some mercury 
oxide is weighed and then heated in a hard-glass test-tube 
until all the oxygen is given off, and if the residue of mer- 
cury is then weighed, the percentage composition can be 
readily found. The data furnished by such an experiment 
are as follows: 

Weight of test-tube .. 0.0... cecee ene nescence ee 120,232 srams. 

Weight of teut-tube-+mercury oxide 121.332 grams 

Weight of test-1ube+mereury...... 121.250 grams 

The weight of mercury oxide is 121.332~120.232 = 1.100 grams 

The weight of mercury is 121.280-120.232— 1.018 grams 

As 1.100 g. of oxide contains 1.018 g. mercury and 082 &- oxygen. 


‘ feta Io aw a Ls 
2. 100g. 1.018X 75 082% —— 5, 
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If all the members of a class were to perform this experi- 
ment carefully from different samples of mercury oxide, 
each would find approximately the same percentage com- 
position; and if'a number of trained chemists were to re- 
peat the experiment, the results would agree still more 
ctosely. Mercury oxide can be prepared in various ways, 
hut no matter how it is prepared the percentage com- 
position is found to be exactly the same. The same 
result is obtained in the examination of the composi- 
tion of all pure substances. Hence we are able to 
draw the conclusion that if all samples of a compound 
substance are examined, the proportion by weight of the ele- 
ments that compose it ts always the same. This general fact 
is called the law of definite proportions or the law of constant 
composition. The proportion of magnesium to oxygen 
in magnesium oxide is 60.4 grams of magnesium to 39.6 
grams of oxygen. If, therefore, magnesium reacts with 
oxygen to form magnesium oxide, these elements must be 
present in this proportion in order that the reaction may 
be complete. If 60.4 grams of magnesium is burned it will 
combine with 39.6 grams of oxygen. If there is more than 
39.6 grams of oxygen present, the extra amount will be 
left unused, and if there is less than 39.6 grams of oxygen 
present, some of the magnesium will remain unburnt. 
This relation between the percentage composition of a 
pure substance and the proportion in which its constitu- 
ents react to form it obtains in all chemical reactions, 
and follows directly from the law of definite proportions. 
In fact the law is sometimes stated in this form: The 
proportion in which pure substances react is fixed. This law 
should never be forgotten by pupils when performing experi- 
ments. If in a test-tube there are only a few drops of a 
substance to be reacted on, it is usually useless and waste- 
ful to add a large quantity of a reagent to react with it. 
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36. Compounds and mixtures. — Compounds and 
mixtures resemble each other insomuch as both can be de- 
composed into two or more pure substances; but they have 
also marked differences. All compounds have their con- 
stituents in a fixed proportion. It is quite otherwise with 
mixtures. If various samples of air are analysed, the 
proportions of oxygen to nitrogen vary slightly. Ifa 
number of salt solutions prepared in various ways are 
examined, the proportions of sale to water will vary widely. 
If various gunpowders are examined. the proportions of 
saltpetre, sulphur, and charcoal will be found to vary con- 
siderably. Air, brine, and gunpowder are mixtures, and to 
these the law of definite proportions is not applicable. 
In fact, it would be correct to define a chemical compound 
as one that has its constituents in a definite proportion in 
all samples, and to define a mixture as a substance that has 
its components in varying proportions in different samples. 
The pure substances into which a compound can be separat- 
ed are called its constituents, white the substances into which 
a mixture can be separated are called its components. 

In this chapter an effort has been made to classify bodies 
and phenomena from the chemical standpoint. Let it be 
understood, however, that though it is convenient and 
necessary to classify the objects of nature by drawing o 
line somewhere which will separate them into groups, 
there arc, nevertheless, no hard and fast lines in nature. 
There will always be objects and phenomena about 
which it will be difficult to decide in which group they 
should be placed, because in nature there is a gradual 
transition in passing from one end of the series to the 
other. These doubtful cases will generally be ignored in 
this elementary text-book, so as nut to confuse the be- 
finner, 

Having investigated the composition and Propertics of 
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air and its components, and having classified the reactions 
and bodies met with in the investigation, we shall next 
undertake a similar investigation of the commonest of all 
liquids, water. Having shown that it is a pure substance 
and not a mixture, the question rises whether it is an 
clement or a compound. If it proves to be a compound, it 
will be of great interest to find the elements that enter into 
its composition and to learn their properties. 


y QUESTIONS iS 

1. State the chief differences between mixtures and compounds, 
and between solutions and mechanical mixtures. 

2. If iron filings and sulphur are ground together to make a fine 

_ powder, how would you test to find if the fine powder is a mechan- 
“Pica mixture or a compound? . Ries 

3. What is meant by a honidgencous body? How would you prove’ 
experimentally whether a sample of watcr is homogencous or 
sheterogencous? Name five homogeneous substances or mixtures, 
‘and five heterogencous mixtures. 

74, Supposing you were asked to find experimentally whether sugar 
is an clement or compound, how would you proceed? 

5. Classify the following as physical change or chemical change, 
giving reasons in each case: (a) a piece of iron rusts; (6) a piece 
of iron is magnetized; (¢) a piece of rubber ie stretched; (d) miik 
turns sour; (¢) a match burns; (f) a piece of cloth shrinks; (¢) a 
picce of brass tarnishes; (4) a wax candle burns. 

6. Make a list of all the specific properties mentioned in this chap- 
ter. Add any others you know of. 

7. A porcelain boat weighs 22.361 grams. Some copper filings are 
put into it, and it then weighs 23.361 grams. The porcelain boat 
ie placed in a combustion tube, and the latter is heated § strongly. 
Oxygen is passed through the combustion tube until all the copper 
is converted into copper oxide; the boat with contents now weighs 
23.612 grams. From these data calculate the percentage composi- 
tion of copper oxide. 

8. A hard-glass test-tube weighs 110.56 grams. When a quantity 
of Pptassium chlorate is added, the two together weigh 111.79 grams. 
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The test-tube is then heated until all the oxygen iv driven off, and 
the test-tube and its contents (potassium chloride) now weigh 111.31 
grams, Calculate the percentage of oxygen and of potassium chloride 
in potassium chlorate. 

9. When distilled water is boiled in a glass vessel for a long time. 
an earthy deposit forms in the water. Jt was believed that past 
of the water wae converted into earth. To find the origin of 
the carth, Lavoisier took a flask which weighed 11338.62 grains, 
and added rain-water, seven times distilled, until the combined 
weight was 38463.62 grains. He then kept the water at 80°C. for 
101 days. The two then weighed 38465.87 grains. The cmpty 
flask weighed 11321.22 grains, and when the water in the flask 
was evaporated, the residue weighed about 20 grains. Taking into 
consideration the errors of experiment, what docs this expcriment 
indicate to be the probable souree of the casthy deposit? 


CHAPTER IV 


WATER AND HYDROGEN 
WATER 


“By the experiment with the globe, it appeared that when 
inflammable (hydrogen) and common air are exploded in a proper 
proportion, almost all the inflammable air, and near one fifth of 
the common air, lose their clasticity, and are condensed into 
dew, and by this experiment it appears that this dew is plain 
water, and consequently that almost all the inflammable air, 
and about onc fifth of the common air, are turned into pure 


water.” —Henry Cavendish, 1784 


37. History.—From the very carliest times water was 
considered to be anelement. Thales, a scholar at the very 
dawn of Greek history, believed that water was the one 
clement from which all other substances were derived. 
Aristotle placed it among his four elements, the other 
three being air, fire, and earth, and there it remained for 
many centuries. The Honourable Henry Cavendish first 
clearly proved the real nature of water in the sct of 
experiments whose conclusion is recorded in the quotation 
at the head of this chapter. 

38. Physical properties of water.—Water is a colour- 
less liquid which is taken as the standard for estimating 
specific gravity, so that its specific gravity is 1. It was also 
selected at first as the standard for estimating mass, 
for the mass of 1 c.c. of water at 4°C. wascalled 1 gram. It 
freezes at 0°C. and boils at 100°C. It is the best solvent 
we know of, and the one most frequently used for making 
solutions. Many pure substances which do not react 
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when brought into contact, react vigorously when their 
aqueous solutions are mixed. Water dissolves all gases to 
a certain extent. Some, such as ammonia, dissolve in it 
in very large quantities, while others, such as oxygen 
and nitrogen, dissolve only to a slight extent. Yet, as we 
have already seen, the oxygen dissolved from the air plays 
an important role in the cconomy of nature. All the 
varied plants and animals of ocean and river, lake and 
pond, are dependent upon it for the means of respira- 
tion, and could not live in the water if the latter 
ceased to dissolve oxygen. The dissolved oxygen serves 
another equally important function. When we consider the 
vast quantities of sewage, decaying plants and animals, and 
other filth, which are swept into the rivers and seas, it is casy 
to realize how soon their waters might become foul and pol- 
Juced, if the dissolved oxygen did not act on these impuri- 
ties and convert them rapidly into harmless substances 
which are not repugnant to the palate or the nostrils. 

39. Natural waters.—Absolutcly pure water is very 
difficult to prepare and is never found in nature, for as 
soon as water comes in contact with air or earth, it begins 
dissolving substances from it. Natural waters may be 
appropriately classified into (1) rain-water, (2) surface- 
water, (3) sea-water, and (4) spring-water. 

(1) Rain-water is the purest of the natural waters, as 
it is formed by the condensation of the water vapour inthe 
air. While dropping through the atmosphere it dissolves, 
it is true, oxygen, nitrogen, and salts of ammonia, and it 
also has dust particles mixed with it; but as it has not 
been in contact with the carth, it contains none of the 
latter's soluble components. It is excellent for use in the 
laboratory when distilled water is not available. 

_ Q) Surface-water. This inctudes the water found in 
fivers and lakes, that has flowed over the surface of the 
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earth and has had an opportunity to dissolve any soluble 
materials contained in the soil. It usually has a con- 
siderable amount of dissolved mineral substances, and 
also some organic matter, the product of decaying plants 
or animals. Besides the dissolved matter, it contains a 
certain number of solid particles which make it more or 
less turbid. ; 

(3) Sea-water contains very much larger quantities of 
dissolved salts than any of the other kinds. Common salt 
forms a large proportion of these dissolved salts. This 
gives sca-water a markedly saline taste and makes it 
quite unfit to drink. 

(4) Spring-water originates from surface-water that has 
penctrated into the rocks, and has quantities of their soluble 
components dissolved in it. If the water has come from 
great depths or has passed near heated lavas, it may be 
still warm when it comes to the surface, and it usually 
has large quantities of salts dissolved in it, as the salts 
are more soluble in hot than in cold water. These 
so-called mineral waters are said to have curative values 
for various diseases, according to the salts they contain. 
They are found in several places in Canada, among 
others, at St. Catharines in Ontario, and at Banff in 
Alberta. 

40. Tests for water.—Pupils will be constantly pro- 
ducing clear liquids in the experimental work of chemistry 
and will require to know whether these liquids are water or 
not. It is, therefore, necessary to state some tests by 
which water even in small quantities can be detected: 
If it is present in a large quantity, the freezing-point and 
boiling-point will be sure tests. If a drop of water is put 
on a lump of anhydrous copper sulphate, the latter at 
once turns blue. If a little particle of sodium is placed 
in a drop of water, a gas is gencrated and the sodium 
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becomes warm. These two tests will readily detect water 
even in the smallest quantity. The taste also furnishes 
an casy test. . : 

41. Action of metals on water.—In our investi- 
gation of the composition of air, we began by considering 
the effect of heating in it certain metals and other elements. 
A similar method may be tricd with water. Indecd, metals 
can be divided into classes, according to the manner in 
which they behave towards water. 

Some react on water as soon as they touch it. Sodium 
floats about on the surface and becomes so hot that it 
is converted into a molten globule, which hisscs about on 
the surface and gradually disappears. When the liquid 
which remains is examined, it is found to be quite different 
in its propertics from the original water. It feels 
slimy, tastes like soap, turns red litmus blue, and when 
evaporated leaves a white solid behind. 

Calcium reacts on water also, but sinks to the bottom, 
and bubbles of gas arise from the calcium, which itself 
becomes smaller and smaller, and finally disappears. When 
the liquid which remains is examined, it is found to have 
similar propertics to those which the water had after the 
sodium had acted upon it. As calcium is an element, 
the gas probably came from the water, unless it was formed 
by the union of the calcium with a part of the water. Other 
metals like magnesium do not react with water at ordinary 
temperatures; but if the temperature of the water is raised 
to the boiling-point, then the magnesium acts slowly on 
the water, and a gas ie given off. If the magnesium is 
first heated with a drop of mercury, the action is quite 
Vigorous, though the mercury is left unchanged in Propertics 
and quantity, andl acts only aa catalyst. Other metals, 
such as iron and zinc, show no action even when the water 
is boiling. 
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To provide conditions similar to those in which metals 
were heated in air, the water should be in the gaseous state, 
and the metals should be heated to a high temperature 
in the steam. When this is done, iron and zinc also act 
upon the steam, and magnesium acts with great intensity. 

Lavoisier was the first to use this method, using iron 
for the purpose. Figure 12 shows the original apparatus 
that he used. A gun barrel (FE F) was placed in the char- 
coal furnace, and was connected with a vessel (A) con- 
taining water, and this water was allowed to flow drop 
by drop into the red-hot gun barrel. The spiral worm (S) 


Foc. 12.—Lavoisien’s Onicixat Daawixe ov Arraratus BY wuici un Proven 
Watea Coxraixs Ilyonocex 
A. Retort containing water being boiled over charcoal furnace. Vo FF. Gunbarrel 
made red hot In charcoal furnace. CD. S. A spiral coll In which umiccompowd 
Meam was condensed, and from which It runs into JI. = -K. Tube thruuch “hich 
hydrogen parce. 


condensed any undecomposed steam. The hydrogen which 
passed on was collected over water. The oxygen of the 
water united with the iron of the gun barrel. 

Perhaps the simplest way to show this action is to plunge 
a lighted magnesium ribbon into a flask in which water has 
been boiling long enough to drive out all of the air. The 
magnesium ribbon continues to burn, and when the ash 
is examined, it is found to be identical in its properties 
with the ash which is formed when magnesium is burned 
in oxygen. Both are white, both dissolve very slightly 
in water, and their solutions turn red litmus blue. 
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42. Qualitative composition of water.—From ba 
identity of propertics in the two substances just dealt wit i 
a very important conclusion can be drawa regarding the 
composition of water The ash is magnesium oxide and 
is composed of magnesium and oxygen, as we have al- 
ready proved. The oxygen must have come from the 
water, of which, accordingly, it isa constituent. By modi- 
fying the experiment, it is possible to find another 
constituent. We have already learned that a gas is formed 
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when the metals, iron, zinc, and magnesium, act on the 
water, and it will be necessary now to arrange our 
apparatus so that when the magnesium burns in the 
steam, any gas formed may be collected. Figure 13 
shows a simple method of accomplishing this: The water 
is boiled in the Mask (FE). The connecting tubes are as short 
as possible, aud when steam is passing through them, the 
magnesium in the combustion tube (F) is gradually heated 
until all the condensed vapour is driven out. ‘Then the 
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magnesium is heated intensely, until finally it ignites in 
the steam and burns vigorously, giving off a gas which 
collects in the test-tube (H). When this test-tube is raised 
from the water with the mouth held downward, and a 
burning splint is applied to it, the gas burns at the mouth of 
the tube. We have thus a new gas quite different from 
either oxygen or nitrogen. Is this new gas a constituent 
of the water? It looks probable, but it will be necessary 
first to prove that it is not formed by a part of the mag- 
nesium combining with a part of the water. 

The ratio of the weight of the magnesium ribbon to the 
weight of the magnesium oxide formed will be found to 
be the same whether the metal is burned in steam or 
air. In this case, therefore, all the magnesium used is con- 
tained in the magnesium oxide. As magnesium oxide 
always has the same percentage composition, all of the 
magnesium burned in the steam must have gone to form 
the magnesium oxide, and none went into the gas. This 
combustible gas, which is called hydrogen and which 
is an element, is, therefore, really a constituent of 
the water. We thus reach the conclusion, as did 
Cavendish almost a hundred and fifty years ago, that 
water is not an element but a compound, and has for 
its constituents the two gaseous elements, oxygen and 
hydrogen. 

43. Quantitative composition of water.—So far we 
have confined our attention to a qualitative analysis of 
water, that is, we have merely found the constituents of 
which it is composed. It will be necessary now to make 
a quantitative analysis and find in what proportions the 
constituents are present. 

The simplest method of showing the proportions by 
volume in which the gases unite to form water, is by means 
of a eudiometer. Of this apparatus there are various 
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forms, the simplest of which is a thick cylindrical glass 
tube (Fig. 14) closed at one end and graduated in cubic 
centimetres. The ctosed end has two platinum wires 
seated through it, and the ends of these wires within the 
eudiometer are separated by a space of one millimetre. 
This tube is filled with mercury or water and inverted 
over the same Siquid. Hydrogen is passed into it (say 
10 c.c.), then oxygen is passed in until the total volume 
of gases is 21 ¢.c. The secondary of 
an induction coil is connected with 
the platinum terminals, and a spark 
causes the gases to ignite. The volume 
of gas diminishes to 6 c.c., and when 
this is tested it proves to be oxygen. 
Accordingly, neglecting the volume 
of the water, which is in the liquid 
state, we conclude that 10¢.c. of hydro- 
gen unite with 5 c.c. of oxygen to form 
water. Cavendish repeated this ex- 
periment many times and found that 
these two gases unite invariably in the 
proportion of two to one. As in this 
experiment: the composition of water 
has been found by actually combining 
the two gases to form the water, this 


i 1 i Fen, 14.—1 
method is called synthesis. Berea reared 
The proportions by volume can be bd chowing the 
stone trmie- 


found by analysis, that is, by decom- 

posing water into its constituents, Figure 15 illus: 
trates a simple form of apparatus for this Process. 
A wide-mouthed bottle (F) has the bottom half cut off. 
A cork is inserted, through which two gas carbons (H) 
project about two inches. Melted paraffin (1) is pound 
on the cork after it has been inserted in the bottle, to 
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make it water-tight. Water is poured into the inverted 


aoe if 
> gle 
le 


ail 


Fic. 18.—Arramatus For ELectao.ysis oF Water 
E. Test-tube contalal hydrogen. F. Boule with 
bottom half cut of eer catbon.  L. Layer of 
IN poured In on the cork. 


bottle until the 
carbons are well 
covered, and a 
few drops of sul- 
phuric acid are 
then added. 
Two long test- 
tubes are filled 
with the same 
liquid and in- 
verted over the 
carbons. The 
terminals of a 
battery of sev- 
eral cells are 
attached to the 
parts of the 
carbons which 
project below. 
Bubbles of gas 
appear at each 
terminal, and 
the volume at 
one terminal (E:) 
is about twice 
as great as the 
volume at the 
other(N). If the 
larger volume is 
tested with a 
burning match, 


it proves to be hydrogen, and the smaller volume proves 
to be oxygen. It might be thought that the sulphuric 
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acid added to the water waa furnishing part of the gases: 
but it is found that no matter how long the gases are 
being discharged, the amount of sulphuric acid remains 
undiminished. : 

Probably no more careful and comprehensive experi- 
mentation has ever been undertaken than that for finding 
the proportion by weight. in which oxygen and hydrogen 
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unite to form water. Beginning with Cavendish and 
Lavoisier, this experimentation has been continued up to 

. Gur own time. In 1895 Morley, an American chemist, 
after five ;cors cf arduous work, completed with the 
@pparatus represeated in Figure 16, the most accurate 
eet of experimenis ever performed 
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A glass globe (L) had a known weight of pure, dry oxygen stored 
in it. The hydrogen was contained in a small glass tube (N) adsorbed 
in a metal palladium and was driven out by heating the palladium. 
Both gases were led into the chamber (M) through the tubes (F) 
(which contained a drying agent to take the last trace of moisture from 
it). The mixed gases were led in a slow, steady stream, and were con- 
tinually exploded by the electric spark. In this way large quantities 
of the gases were exploded, and a considerable quantity of water was 
formed. The quantity of water was ascertained by weighing the 
tube (M) before and after the gases were admitted and exploded. 
The quantitics of hydrogen and oxygen were obtained by weighing 
the tube and globe, respectively, in which they were stored, before 
and after the experiment. After numerous precautions involving 
infinite pains and the greatest care and patience, the average of 
eleven succesaful experiments was: 


KFydrogen used.............008 3.7198 grams, 
x Oxygen used. . «+. 29.5335 grams, 
Water formed........... 060005 33.2530 grams, 


so that 16 grams of oxygen unite with 2.016 grams of hydrogen to 
form 18.016 grams of water. 

Dumas had cetimated this ratio with great accuracy 
fifty years earlier by a quite different method. He under- 
took the experiment fifty times, but completed it 
successfully only nineteen times. After spending days in 
preparing an experiment, he would begin the actual per- 
formance very early in the morning, and generally the 
sun of the succeeding day was far above the horizon before 
he had completed his observations. This will give the 
pupil an idea of the kind of work that has been necessary 
to obtain the quantitative results of chemistry. Figure 
17 shows his apparatus set up. He produced hydrogen 
from a metal and acid, passed it through several U-tubes 
to absorb the various impurities mixed with the hydrogen. 
and then passed it over copper oxide heated in a bulb. 
The water formed was collected in a bulb and a series 
of U-tubes. 
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“ Thus water, independently of oxygen, which is one of its con- 
stituents, and which is common to it along with many other 
substances, contains another constituent which is peculiar to 
it, which is its constituent radicle and to which we find ourselves 
compelled to give 2 name. None has appeared to us more suit- © 
able than hydrogen, that is to say “generative principle of water”, 
from hudor, water, and gen to generate. We shall call hydrogen 
gas the combination of this principle with heat, and the word 
hydrogen alone will express the base of this same gas, the radicle 
of water.” —Antloine Laurent Lavoisier, 1789 


44. History.—As early as the sixteenth century, it was 
recognized that when acids were poured on metals a gas 
was produced, but this gas was not distinguished from air. 
Cavendish was the first to study seriously the properties 
of the gas. He recognized that it burned in air and called 
it “inflammable air’. Lavoisier after performing the 
experiment described in Section 41, called it hydrogen, in 
order to indicate its relation to water. His words in nam- 
ing it are reproduced in the quotation above. 

45. Occurrence.—Not much free hydrogen is present 
in nature. Small amounts issue from volcanoes. Some is 
formed in the process of the decay of organic bodies; 
hence small quantities are found’ in the atmosphere. Com- 
bined with other elements to form compounds, it forms 
an important constituent of water and of all plants and 
animals. If free hydrogen is rare on the earth, it is present 
abundantly in the atmosphere of the sun. Great solar 
prominences projecting hundreds of thousands of miles 
and large enough to envelop a hundred earths are per- 
meated with the incandescent vapour of this element. 

46. Preparation.—We have already described one im- 
portant method of preparation, namely, by the action of 
metals on water (Sec. 41). Sodium, potassium, and cal- 
cium act on water at ordinary temperatures; magnesium, 
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iron, zinc, and aluminium only at a high temperature; while 
copper, mercury, silver, ant gold will not decompose 1 at 
any temperature. 

Hydrogen is usually prepared in the laboratory by the 
action of cither hydrochloric or sulphuric acid on magne 
sium, iron, of zinc. 


Figure 18 shows a good form of apparatus for preparing hydrogen 
Dy this method. Granulated zine it elid geatly down the flask, am! 
dilute sulphuric ackl is addled through the thistle-tube, The thistle-tale 
is useful, not only for adding acid to the zinc from time to time as it 


Fic. 16.—Parrasation ov Iivpacces: 
F. Flask comtaining lec and malpboric acid. I. Bottle in which bydrogra ls collected. 
Is required, but also as a safety-valve, if the cxit for the gas becomes 
blocked in any way. [ts use in this respect can be readily demon- 
m@rated by pinching the rubber delivery tube. Immediately the 
@ecumulation of gas in the flask increases the pressure and forces the 
Ugaid up the thistk-tube, where it finally overtiows Pupils should 
‘always remember that the ascent of tiquid in the thistle-vube indicates 
‘an impediment to the free pamage of gas through ¢ delivery lube. 
If the hydrogen duce not come off freely, the addition of a littl 
blue vitriol solution will accelerate the action. The copper of 
the vitriol is deposited on the zinc, and thus the action is seisted. 
The bydrogen fs usually collected by the displacement of water. But 
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it may be collected in an inverted gas bottle by the displacement of 
air, the delivery tube extending to the bottom of the bottle. Many 
dark particles remain floating in the liquid after the zine has been all 
dissolved. These are insoluble impuritics in the zine and would be 
absent if the pure metal were used. 

After these impurities have been filtered out, if the liquid 
in the flask is evaporated slowly, beautiful clear crystals 
of a salt called sine sulphate remain behind. The zinc 
has liberated the hydrogen from the acid and has taken 
its place. The new substance, with zinc substituted for 
hydrogen in the acid, is the zinc sulphate. We may 
indicate the reaction in this form: 

Sulphuric acid +zine—»>zinc sulphate +hydrogen. 

47, Physical properties.—Hydrogen is a colourless gas 
without taste or smell. It is the lightest of all gases. It 
is as much lighter than air as water is lighter than mercury. 
1_gram_occupics 11.12 litres, or one litre weighs .09 grams, 
the volume in both cases being measured at 0°C. and 760 
mm. pressure. With one exception it was the very last 
gas to be liquefied. In 1898 Sir James Dewar, after 
surmounting immense difficultics, succeeded in collecting 
200 c.c. of liquid hydrogen in the course of five 
minutes. Faraday, Dumas, and many other chemists 
had prophesied that if it was ever liquefied or solidified, 
it would prove to be metallic in appearance. In this they 
were quite mistaken, as Dewar's vessel of hydrogen was as 
clear and colourless as water. The solid hydrogen, which 
was later produced, was also quite colourless. As hydrogen 
gas is the lightest gas, so liquid hydrogen is the lightest 
liquid. Water is fourteen times as heavy as liquid hydrogen, 
so that a piece of cork would sink in it as readily as a stone 
in a vessel of water. 

48. Chemical properties.—The most striking chemical 
property of hydrogen is itsinflammability. Whena burning 
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splint is brought to the mouth of a bottle of this gas. the 
latter burns with a pale blue flame. If the splint is thrust 
up into the bottle, the flame on the splint is at once exting- 
uished, showing that hydrogen will not support the 
combustion of wood. When the splint is withdrawn, it is 
rekindled by the hydrogen burning at the mouth of the 
bottle. The burning of hydrogen can be well demonstrated 
by placing a glass tube, drawn to a fine jet, on the end of 
the delivery tube of the hydrogen generator illustrated in 
Figure 19. When lit, this hydrogen 
burns with a pale Mame that soon 
assumes a yellow colour duce to the 
glass. If the gas burns at the end of 
a gas tip, the fame is almost colour- 
less. When by the displacement of 
air hydrogen is collected in a dry 
bottle and ignited, a mist is deposited 
on the inside of the bottle. This 
would Icad onc to think that perhaps 
water is a product of combustion. 
The amount of the deposit formed 
by this method is too small to test, 
but a much larger quantity can be 
obtained by the apparatus illustrated 
in Figure 20. An ordinary hydrogen 
generator has connected with its : 
delivery tube a U-tube containing = Be*niys Nrmaccen at 
ealcium chloride, which dries the gas. 

The hydrogen is lit at the end of a jet, and the flame 
plays against the surface of a glass retort kept cool 
by having cokl water in it. The liquid is condensed 
on this cold surface and falls in drops into the vessel 
beneath. In half an hour a sufficient quantity will be 
Produced. If a piece of sodium is placed on the liquid, 
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it generates hydrogen and acts in every way as if the 
liquid were water. A lump of white anhydrous copper 
sulphate brought in contact with it at once turns blue. 
Hence the liquid produced is undoubtedly water (Sec. 40). 
Thus we have proved again that water is composed of 
hydrogen and oxygen; for we may assume that it is 
the oxygen of the air with which the hydrogen has united 
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since the nitrogen is quite inactive toward hydrogen 
in these circumstances. 

The most outstanding chemical property of hydrogen is 
its ability to unite with oxygen. It will withdraw the 
oxygen from many compounds which contain the latter. 
Thus if copper oxide, mercury oxide, iron oxide, or zine 
oxide is heated strongly in a crucible, and hydrogen is passed 
over it, the oxide is rapidly converted into the metal—- 
copper, mercury, iron,or zinc; and the oxygen and hydrogen 
unite to form water. The apparatus of Figure 21 may 


be 
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be utilized for this purpose. Hydrogen, generated in A, 
is passed through E, which contains water to wash out 
impurities, thence through F, which contains calcium 
chloride to dry it, and finally through H, a combustion 
tube containing the metallic oxide. The water thus 
formed is collected in the test-tube (1), which is artially 
immersed in cold water to assist the condensation of the 
steam. A substance like hydrogen that extracts oxygen 


A Hotere omni, § bees amen ett ose re 
bevton ning coppre askde. F. Tret-tsbe to collet tbe water, 
N. Beaker cootelaiag water to keep (he lest-tsbe cool 

from its compounds is called a reducer, and the process 

is called reduction, We shall meet many examples of this 

Process a8 we proceed. 

If hydrogen and oxygen are mixed and ignited, they 
combine with a violent exptosion. As air contains oxygen, 
a mixture of it with hydrogen also explodes when ignited, 
hut tess violently chan when pure oxygen is used. This 
can be casily demonstrated to a class by placing a few 


Jumps of zincin a ginger-ale bottle. Then add some dilute 
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acid, and insert a cork, which has an opening stopped by a 
piece of a clay-pipe stem. If a burning match is held at 
the opening in the stem, in a short time the gases will 
ignite and blow the cork out with great violence. It is 
dangerous to light a jet of the gas connected with a gen- 
erator, unless it is quite certain that all the air has been 
driven from all the apparatus. Otherwise the mixed gases 
will explode, and many have been injured by such acci- 
dents. The explosion is due to the sudden expansion of 
the steam that has been formed by the great heat pro- 
duced by the union of the oxygen and hydrogen. 

49. Commercial importance.—The commercial value 
of hydrogen is limited. It is used to burn with oxygen 
in the oxy-hydrogen blow-pipe, which produces a flame of 
intense heat, but this blow-pipe is now frequently replaced 
by the electric furnace or the oxy-acetylenc flame. 
Hydrogen is also largely used for the inflating of balloons 
and airships. England produces the hydrogen which 
she requires for this purpose by passing steam over red- 
hot iron; Germany produces hers by decomposing water 
by electricity; and France, by acting on calcium hydride 
with water. Hydrogen is often condensed in metal cylin- 
ders and is on the market in Canada as a commercial 
commodity. 

50. Test.—Hydrogen can gencrally be distinguished 
from other colourless gases by its great lightness, its 
explosiveness when mixed with air, and by the fact that 
water alone is formed on combustion. 


QUESTIONS 


YY 1. Describe three methods of showing that hydrogen is lighter than 
air. 
2, What objection is there to using hydrogen as an illuminating 
gas or asa fuel? 
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3. In what way docs a miature of hydrogen and oxygen differ from 
water? 


4. Name several substances that contain hydrogen, and auggest 4 
method of obtaining hydrogen from them. 

5. A eafe method of lighting a jet of hydrogen isto place a teat-tube 
over it, until the tube is full of the gas. Then bring the test-tube, 
mouth down, toa flame, and finally ignite the jet w 
faeat the open end of the test-tube, Exphin why th 
putting a burning match directly to tlic jet is dangerous. 

— 6. Four boules contain respectively oxygen, nitrogen, hydrog 
air. Dexribe how you can tell y which is in cach 1 

7. Describe three ways of obtaining hydrogen from water. 

8. If sulphuric acid contains 2.06 per cent. of hydrogen, how many 
grams of acid are necessity to produce SS litres of hydeagen at O'C, 
and 760 mm. pressure? Hew many litres of hydrogen can be prepared 
from 750 grams of sulphuric acid? 

9, Wow many Titres of hydrogen at O°C. and 760 mm. pressure 
can be obtained from 230 geams of water. (Look up in Section 43 
the composition of water.) 

7 10. A room 10m. X 10m. Xm. contains hydrogen at OC. and 760 
mm. prosure. What docs the hydrogen weigh? 

11. A balloon has a capacity of $51,180 cubic feet. What weight 
of Hydrogen is required to fill it at OC. and 760 mm. pressure? 
(Ut eubic metre = 35.32 cubic feet.) 


fc urni 
seafe, while 


12. S13 g. of iron flings ate placed in a combustion tube, and a 
current of steam ix paved over the filings after they have been 
heated red-hot. The filings afterwards weigh 5.84 g. What acight 
amd what volume of hydrogen measured at O°C. and 760 mm. are 
Fiberated? (See Section 43.) 

13. Dumurs in his experiment referred te in this chapter (Sec. 13), 
fount that 840.161 g. of oxygen gave 915.439 g. of water. Find the 
percentage composition of water. 

14. In the experiment of Dumas the following data were obtained: 
Weight of copper oxide before heating, 


RAZ 
Weight of copper oxide after heating, . 6.92 . 
Weight of cil chlotide and tube before experiment 49.82 x. 
Weight of calium chloride and tube afterwards, 50.87 g. 


From thee data calculate the percentage composition of water, 
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15. 50 c.c. of oxygen and 150 c.c. of hydrogen are passed up into a 
cudiometer tube and exploded. What volume of gas is left, and how 
would you prove that it is hydrogen? (Sce Section 43.) 

16. 100 c.c. of hydrogen are passed up into a cudiometer containing 
100 c.c. of air, and the mixture is exploded. 137 ¢.c. of gas is Ieft. 
From these data calculate the percentage composition of air by 
volume. (Find the total shrinkage in volume. What part of it 
was oxygen? What part hydrogen? How much hydrogen remained 
unused? Of what is the remainder of the 137 c.c. composed?) 

17, How would you make sure that a certain colourless liquid 
substance is water? 


18. Why docs not pure water occur on the carth’s surface? 


CHAPTER V 
THE GAS LAWS 


$1. Introductlon.—A solid or a liquid is quite readily 
weighed, but the weighing of a gas pre 
difficulties. Yet we frequently require to me 
weight of a gas, and this is generally ob 
measuring its volume, and from this calcul: 
weight. But the volume changes with temperature. 
Everybody knows that if gas is heated it expands, 
and if it is cooled it contracts. Morcover, pressure 
is a very important factor. For instance, while the 
air in a bicycle tire exerts great pressure, the pressure 
would be greatly reduced if the same quantity of air 
were contained in a vessel of much larger volume. Hence, 
in order that the volume of a gas may give any indication 
of the quantity, the exact temperature and pressure at 
which it was measured must be indicated. As the volume of 
a gas changes in a regular manner with the changes in 
temperature and pressure, it is essential that the laws 
of these changes should be known. But before stating 
these laws, it will be necessary to explain some terms. 

Pressure is measured usually in terms of the height of a 
column of mercury. When we say the pressure of a gas 
is 76 centimetres, we mean that if the gas were in a 
cylinder which has a frictionlcas piston fitted into it, a 
column of mercury 76 centimetres high would have to be 
placed on the top of the piston exactly to prevent the pres- 
eure of the gas from pushing up the piston. The atmosphere 
at the tevel of the ocean — a pressure of about 76 
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centimetres, and this is frequently called normal pressure 
or the pressure 
of an aimosphere. 
Very great pres- 
sures, such as 
those of compress- 
ed gases contained 
in iron cylinders, 
are measured inat- 
mospheres. Thus 
a pressure of 200 
atmospheres 
means a pressure 
200 times as great 
as the normal 
pressure of the at- 
mosphere, and is 
equivalent to the 
weight of a col- 
umn of mercury 
76 cm. X 200 or 
15200 cm. high. 

The normal 
tem perature select- 
ed arbitrarily is 
0° centigrade, and 
Normal — temper- 
ature and pres- 
sure will be indi- 
cated in this book 
by the abbrevia- 
tion N-T.P. 

52. Boyle’s Law.—About two hundred and fifty yearsago. 
the Honourable Robert Boyle, among the many interesting 
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experiments which he performed, investigated the relation 
of the pressure and the volume of air in a tube like the 
one represented in Figure 22. This tube had the short arm 
sealed at (a) and the long arm open. Mercury was poured 
in, until it just filled the bend, shutting in the air between 
(a) and (b) in the short arm. Boyle then measured the 
length of the air column (ab). Now the downward pressure 
of the inclosed air on the mercury must just equal the 
downward pressure of the outside air on the mercury 
through the long arm, which is .76.cm. Mercury was then 
poured into the long arm, until the inclosed air occupied 
only one half of the space it filled previously. When the 


Pra, 22 ~Rewarccumr ov Vou ro Pacmag tv Cases 
* (Ais peomare seglected) 
length of the column of mercury from the level of (e) to 
the top was measured, it was found to Boyle's delight to 
be 76 cm., indicating that the pressure was doubled. In 
Boyle's own quaint words: “ Here the same air being brought 
to a degree of density about twice as great as that it had 
before, obtains a spring (pressure) twice as strong as 
formerly”. If, again, the pressure is made three times as 
great, the volume contracts to one third of what it was 
formerly. From these experiments is deduced the con- 
clusion, appropriaicly known as Boyle's Law, that the 
volume of a given quantity of gas varies inversely as the 
pressure it exerts, the temperature remaining the same. Sup- 
Pose a cylinder (lig. 23) containing some gas is fitted with a 
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piston sliding in it without friction, and that when the 
piston is weighted to 1 kg. the gas occupies 12 litres. Then, 
if it is weighted to 2 kg., the gas contracts to 6 litres. 
With 3 kg. pressure the gas contracts to 4 litres, and 
with 4 kg. pressure it shrinks to 3 litres. 
53. Charles’s Law. 
“The reaults-of several experiments made upon hydrogenous, 
oxygenous, carbonic acid gas, and nitrous gas, which were all 
the kinds I tried, agreed with those of common air. .. . 
Upon the whole, therefore, I see no sufficient reason why we 
may not conclude that all clastic fluids (gases) under the same 
pressure expand equally by heat.” —John Dalton, 1861 


A piece of thermometer tubing about forty centi- 
metres long is sealed at one end. While the tube 
is immersed in melting ice, a little column of mercury 
about two millimetres long is pushed into it by means 
of a thin iron wire, so as to inclose a column of 
air in the tube exactly 273 millimetres long. If the tube 
is heated from 0°C. to 10°C., the air column becomes 
283 millimetres long; if the temperature is raised to 100°C., 
the air column becomes 373 millimetres long. Thus the 
volume increases 1 millimetre in length, or m of its 
volume at 0°C., for every degree its temperature is raised. 
If the temperature of the air column is lowered from 
0°C. to -1°C., its length shrinks to 272 millimetres; if 
lowered to -10°C., it becomes 263 millimetres long. Thus 
each millimetre on the tube represents 1 centigrade 
degree, and if graduations of the same length be made to 
the bottom of the tube, the one at the bottom will 
register -273°C. very other gas, if placed in the tube, 
would act in the same manner, and so we can say 
that equal volumes of all gases under the same pressure 
expand equally for the same increase of temperature. 
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No fewer than three scientists share the honour of 
discovering this law. Charles of Paris discovered in 
1787 the relation between the volume and temperature 
of a single gas, but never published his results. In 
1801, Dalton discovered that different gases expand at 
the same rate for the same change of temperature, and 
published his results in the words quoted at the head 
of this section, The next year Gay-Lussac discovered 
independently the same facts a3 Dalton. As each of the two 
last named men already has the honour of having a law 
named after him, this law is usually called after its first 
discoverer, Charles's Law. In obcying this law, gases are 
quite different from solids and liquids, for different solids 
and liquide expand at quite different rates. Aluminium 
expands more than twenty times as much as platinum 
for the same change of temperature, while alcohol expands 
more rapidly than cither petroleum or water. 
Two kinds of thermometer scales are used in reckoning 

temperatures in science, the absolute and the centigrade. 
with the latter of which it is assumed the pupils are 
familiar. The tube described on page 72 would be suit- 
able for an absolute thermometer, and the zero would be the 
bottom of the tube. Every millimetre would represent a de- 
gree, 60 that 273° would be the melting-point of ice, and 
373° would represent the boiling-point of water. There are 
thus 100 absolute degrees between these two fixed points; 
‘and, as there are 100 centigrade degrees between the 
same two points, degrees on the two thermometers are 
equal, a degree in cach case being represented by one 
‘millimetre on the above tube. Figure 24 shows the tube 
with absolute degrees marked on one side and centigrade 
degrees on the other, and it shows clearly that to convert 
an absolute temperature to a centigrade temperature, 273 
must be subtracted from it, and to convert a centigrade 
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temperature to an absolute; 273 must 
be added. We have also seen from the 
expansion of the air in the tube just de- 
scribed that the following relation holds: 
The gas occupies 100 mm. in the tube, 
when the absolute temperature is 100°. 
The gas occupies 120 mm. in the tube, 
when the absolute temperature is 120°. 
The gas occupics 200 mm. in the tube, 
when the absolute temperature is 200°. 
The gas occupies 273 mm. in the tube, 
when the absolute temperature is 273°. 
The gas occupies 373 mm. in the tube, 
when the absolute temperature is 373°. 
From the foregoing data we conclude 
that the volume of a gas varies directly as the 
absolute temperature, the pressure remaining 
constant. The pupil must not, however, 
infer from the foregoing that the num- 
ber representing the volume is always the 
same as the number representing the 
absolute temperature, for such an inference 
is, evidently, quite wrong. This peculiar 
relation is the result of having purposely 
made the air column in the tube 273 
millimetres long at O°C. If the air column 
had been made one half, or one third, or 
one fifth this length, the lengths at 100°, 
120°, 200°, 273°, 373° absolute temper- 
ature, would have been respectively 
one half, one third, one fifth of the 
lengths given above; yet they would in 
each case be proportional to the absolute 
temperature. 
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54. Solution of problems Involving Boyle's and 
Charlea’s Lawe.—If the volume of a certain sample of gas 
is measured on two successive days, it will probably be 
found that the temperature and the pressure have changed, 
and hence that the volume also has changed. Consequently. 
if we wish to compare the volumes of two quantities of a 
gas, it is necessary to find the volume that each would 
occupy at a given temperature and pressure. Such a 
problem has frequently to be solved in chemical work. 

Example 1. \{ 300 litres of air are measured at 25°C. 
and 780 mm. pressure, what volume would the air occupy 
at O°C. and 760 mm. pressure? 

25°C. ~ 25° 4273° = 298°A. 
0°C.= 0°4+273°~273°A. 


[Temperature ' Pressure | Volume 
First case... 
Second case. . 


1 298°A. | 780mm. | 300 litres 
273°A. | 760mm. | ___x litres 


As the temperature is lowered from 298°A, to 273°A., the 
volume will decrease in the aame proportion; therefore 


the volume at 273°A. is 300 litres x) = 274.83 litres. As 


the pressure is lowered {rom 780 mm. to 760 mm., the 
volume is increased in the same proportion; therefore the 


volume at 760 mm. pressure is 274.83 litres x5) = 262.06 
‘ 

litres. The pupil muet learn, after arranging the data 

as above, to write the solution ax follows: 


300 li 273 780 282.06 li 
tres X 508 <007 782: res. 


The above solution is applicable to all such questions, 


76 CHEMISTRY 


and the steps should be taken always in the following 
order: 

(1) Reduce all temperatures to absolute degrees. 

(2) Place the data in the foregoing order, having the 
volumes last, and putting x for the unknown quantity. 

(3) Put down the first volume, and multiply it by the 
two fractions that change it for changes in temperature 
and pressure, and equate this with the second volume. 

(4) Solve for x, 

Example 2. If 300 litres of gas measured at 35°C. 
and 800 mm. pressure have the pressure increased to 
1100 mm., to what temperature must the gas be raised, in 
order that it will still occupy the same volume? 

(4) 35°C. = 35° + 273° = 308°A. 

(2) 
med ‘Temperature |_Pressure i, Volume 


308°A, 800 mm. | 300 litres 
300 litres 


x 


ae: = 300 litres. 


(3) 300 litres X 3087100 
300_1100_ 308 
p= 300 1100 8 423.5°A. or 423.5° -273°= 
(4) ¥ = 300% goo * 74? sd 


150.5°C. 

Example 3. Calculate the weight of 1000 litres of 
oxygen, measured at 25°C. and 740 mm. pressure, when 
1 litre at N.T.P. weighs 1.43 grams. 

(Temperature| Pressure Volume 


First | 208°A. | 740 mm. | 1000 


Second. ; : 273°A. 760 mm. | ae 
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1000 litres at 25°C. and 740 mm. would become 1000 
273740 


Vin = Yat NP. 
tres X 93% 799 tt ® 0 
1 litre at N.TLP. weighs....--. seer: 1.43 g. 
273 740 a 273. 740 
1000 x 503*760 1.43 g.X1000X 595X266) 
= 1275.6 g. 


55. The kinetle theory of gases.—This like he- 
haviour of all gases under changes of temperature and 
pressure is most remarkable, and because they have these 
and other properties in common, they are assumed to have 
something common in their construction. The theory 
brought forward to explain this common behaviour of all 
gases is called the kinetic theory of gases. It supposes all 
gases to be composed of very small particles called mole- 
cules. These molecules are all exactly alike in size and 
weight for the same substance, but are different in dif- 
ferent substances. In gases the molecules are separated 
by spaces much greater than the size of the molecules, and 
the molecules are not at rest in these spaces, but are moving 
rapidly in straight lines. When one strikes another, it is 
reflected along another straight line. The hotter the gas, 
the more rapidly these molecules move. The pressure of 
a gas on the walls of its container is due to the continuous 
bombardment of the walls by the molecules, and the greater 
the number of molecules bombarding a given area and the 
morcewiltly they are moving, the greater the pressure. Ifa 
gas is compreased, the molecules are brought closer together, 
and hence more of tl.cm strike a equare centimetre of wall 
ina given time, and the pressure is therefore increased. 
If the gas is heated in a closed vessel, the velocity of the 
molecules increases, and hence they strike the wall harder 
blows, and the pressure is increased. If the top of a 
vessel is left open, the gas will escape and diffuse into the 
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air, as the molecules are always moving. To explain 
further this like conduct of different gases under changes 
of temperature or pressure Avogadro enunciated his notable 
hypothesis that equal volumes of all gases at the same 
temperature and pressure contain equal numbers of molc- 
cules. Hence the structure of the different gases is very 
much alike, as the molecules are equally far apart no 
matter what the gas may be. 


QUESTIONS 

1. If 38 litres of a gas are measured at 60°C. and 555 mm. 
pressure, find the volume of the gas at N.T.P. 

2. If 200 litres of air are measured at 20°C. and 879 mm. 
pressure, find the volume of the air at 45°C. and 800 mm.pressure. 

3. If 600 litres of air at atmospheric pressure are compressed 
into a cylinder, and the pressure is then found to be 20 atmos- 
pheres, what is the vo'ume of the cylinder, if the temperature of 
the air remains constant? 

4. A fire balloon contains 1000 litres of air at 114°C. Ilow 
much lighter is this than 1000 litres of air at 0°C.? (Sec. 24) 

S. A flask of 441 c.c. capacity is surrounded by water and 
heated up to 80°C. Acork is then inserted into the mouth of the 
flask, which ia immersed in a mixture of ice and water with the 
mouth down. If the cork is then withdrawn, 100 c.c. of water 
enter the bottle. Show that the volume of the gas has varicd as 
ita absolute temperature. 

6. Calculate the weight of hydrogen in a veasel of 10 litres 
capacity filled at 756 mm. pressure and a temperature of 18°C. 
(Seg, 47) 

Find the capacity in cubic inches of a steel cylinder which con- 
tains under a pressure of 1,800 pounds per equare inch cnough oxygen 
to fill 20 cubic feet under a preasure of 15 pounds per square inch. 
(Asai ¢ Boyle's Law to hold at high preasures.) 

CO ow many pounds pressure would be required to force 40 
cubic feet of coal-gas at 15 pounds pressure into 34 cubic foot? 

9. A 500 c.c. and a 1000 c.c. flask are connected by a stop-cock. 
The large flask is exhausted by the air-pump; the small flask is filled 
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with air at 750 mm. pressure. Find what the pressure in the flasks 
will be after the stop-cock is opened. 

10. A graduated tube, filled with mercury and inverted in mercury 
in @ trough, has hydrogen pasecd into it until the volume of gas 
reads 30 cc. The mercury in the tube stands 1S cm. higher than 
the mercury in the trough; the barometer stands at 755 mm. What 
is the pressure of the hydrogen? What volume will it occupy, if 
the tube is lowered until the mercury is at the same level inside and 
outside the tube? 

11. Some oxygen is collected in a cylinder over water. There are 
200 c.c. of gas in the cylinder, and the water in the cylinder sande 
$0. cm. higher than the water outside. What volume of oxygen woukl 
there be in the cylinder whea the water level was the same inside 
and outside? The water barometer stands at 1000 cm. 


CHAPTER VI 
SOLUTIONS 


56. Solution of a solid in a Jiquid.—lIf a small 
lump of pure sugar is placed in a glass of pure water, every- 
one has observed that the lump gradually becomes smaller 
and finally disappears entirely. There is no change in 
the appearance of the liquid, and yet, if tasted at 
the top of the glass, it is found to be slightly sweet. 
This sweetness increases in proportion as the sample 
is taken from nearer the bottom, indicating that there 
is more of the sugar in the water close to where the 
lump rested. However, if the glass is left perfectly 
still, in time the water will be found to be equally 
sweet throughout, indicating that the sugar has diffused 
equally into all parts of the water. The mixture is called 
a solution; the water in which the sugar dissolves is 
called the solvent; and the sugar is called the solute or dis- 
solved substance. If the glass containing the solution is 
held up between the eye and the light, it will be observed 
that the solution is perfectly transparent and shows no 
signs of cloudiness, and even if a drop of it is examined 
under the most powerful microscope, no particles of 
sugar can be detected. Hence one characteristic of a 
solution is that it is alvays homogeneous. 

The rate of solution naturally depends on the area of 
contact between the solvent and the solute, for it is only 
across a surface of contact that the solute cai pass into 
the solvent. If two lumps of sugar are taken, and one 
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is pulverized to a fine powder, the surface of the sugar 
in that lump has been increased many times. If the 
powder and the lump are then dropped into separate 
vessels of water, the powder will dissolve much more rapid- 
ly than the lump. Agitation increases the rate of dis- 
solving, as it is constantly bringing new parts of the sol- 
vent into contact with the solute. Moreover, if the 
materials are heated the rate of solution will be in- 
creased. 

57, Saturated, unsaturated, and supersaturated 
solutions.—Hf{ a little sugar is poured into a test-tube of 
water, the sugar will disappear rapidly on being shaken, 
and a solution is formed. If a little more sugar is added, it 
also disappears on being shaken, but more slowly. If the 
process is repeated, a stage will soon be reached at which 
the solution ceases to dissolve the sugar. No matter 
how long the solution henceforth continues to be 
shaken, eome sugar will remain undissolved at the 
bottom. Such a solution as this is called a saturated 
solution. The solutions with Icsser amounts of sugar 
dissolved are called unsaturated solutions. If to equal 
quantities of water gradually increasing quantitics of 
sugar are added, a sect of an indefinite number of 
solutions will be obtaincd, the first being almost pure 
water and the last being saturated. 

If a aaturatcd solution of sugar, with some undissolved 
solute in the bottom, is heated to a higher temperature, 
the solution will continue to dissolve more of the solid, 
uotil finally it again becomes saturated. Thus the 
strength of a savurated solution may increase with a rise 
in temperature. Some substances decrease in solubility 
with rise in temperature; for instance, if a cold satur- 
ated solution of time is heated, it becomes cloudy, be- 
cause some of the lime is‘then deposited out of solution. 
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Any solution that contains a large proportion of the 
solute is said to be concentrated, while one that contains 
a small proportion of the solute is said to be dilute. 
These terms, however, are only relative and have no 
clearly defined meaning. 

If ahot, concentrated solution of a substance, whose solu- 
bility decreases with a fall in temperature, is cooled slowly 
without being in contact with the solid solute, it does not 
follow that the solid will begin to crystallize when the 
solution becomes saturated. In fact, as a rule it is 
Necessary to cool the solution considerably below this 
point before crystallization begins. This cooled solution 
is said to be supersaturated. It is stronger, or contains 
more solute, than the saturated solution. If, however, a 
particle of the solute, even the minutest grain, is dropped 
into the supersaturated solution, crystallization always 
begins at once and continues until the solution is so 
depleted of the solute that it becomes saturated. This 
phenomenon can be easily demonstrated as follows. 
Take half a test-tube of sodium thiosulphate—a salt 
much used in photography—and add two or three cubic 
centimetres of water. Then heat it until all the salt is 
dissolved, and plug the mouth with cotton-wool so as to 
prevent the entrance of any solid particles. The solution 
remains clear as long as it is not disturbed, even when it 
becomes quite cold; yet much more of the salt has been 
dissolved in the water than would saturate it at that 
temperature. If the plug is then removed, and the small- 
est crystal of the salt is added, this crystal, as it sinks 
through the solution, grows in size, until enough of the salt 
has been deposited to leave the liquid a saturated solution. 
Many other salts form supersaturated solutions, when 
their hot, concentrated solutions are cooled under proper 
conditions. The only certain way to know whether a 
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clear solution is unsaturated, saturated, or supersaturated, 
is to drop a crystal of the solute into it. If the crystal 
decreases in weight, the solution is unsaturated; if the 
crystal increases in weight, it is supersaturated; and if 
the crystal remains the same weight, it is saturated. 

The solubility of a substance is always measured by the 
amount of solute that is contained in the saturated solution. 
There is a great difference in the solubility of different 
substances, and there are various ways of expressing the 
strength of a solution. Frequently the strength is 
expressed by stating how many grams of the solute are 
dissolved in 100 grams of water. Another method is to 
express it as a certain per cent. A ten per cent. 
solution is one in which 10 grams of the solute are dis- 
solved in 100 grams of the solution. 

58. Solubility curve.—To find the solubility of any 
salt in water, it is only necessary to be certain that you 
have a saturated solution of the substance. This is ascer- 
tained by shaking excess of the solute with water for a 
long time. When the undissolved solid has scttled, a cer- 
tain amount of the solution is withdrawn by a pipette 
and placed in a weighed vessel. The vessel and the 
solution are again weighed. The solution is then evapor- 
ated to perfect dryness and again weighed. 

Let us take an example. A saturated solution of salt- 
petre at 20°C. is prepared,and the following data are found: 
Weight of evaporating dish 30.26 grams 


Weight of evaporating dish+solution 60.83 grams 
Weight of evaporating dish +saltpetre 44.40 grame 
Weight of solution is (69.83-36,20) -33.57 grams 
Weight of saltpetre is (44.40-30.20) = 8.14 grams 


Weight of water is (33.57-8.14) 


25.43 grams 
25.43 grams of water dissolve. 


-+8.14 grams of saltpetre 
14 grams xy") = 32 grams. 
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In the same manner it can be found that at 0°, 10°, 30°, 
40°, and 50°, 100 grams of water dissolve respectively 
13, 21, 46, 64, and 86 grams of saltpetre. These results 
can be best shown graphically. Indeed, many results 
in ecience can be studied much better when expressed in 


00,0 N this manner; it is, therefore, 
a highly important that the 
Be frrcteeeteeseseeeenees pupil should be familiar with 
Po ! such a mode of expression. 
H H Figure 25 is the graphical 
3 |. H expression of the solubility 
3° of saltpetre, and K N_ is 
Bo 3 called the solubility curve. 
3 : Two lines A B and AC are 
Sao i P 
3 : drawn at right angles. Along 
a : A Bare marked off ten equal 
PA ; spaces, cach of which rep- 
8 3 resents 10 
~ centigrade 
° a aor degrees. 
Yemperaturee Along AC 


Fic. 25.—Grarit guowrxe Bowvsnry Cuny SALtraTAZ are marked 
off a number of equal spaces, each representing 10 grams 
of saltpetre dissolved in 100 grams of water. Each solubility 
at cach temperature is represented by a point between 
the two lines. To find the point which expresses the solu- 
bility at 20°C., we erect at the 20° mark a perpendicular 
representing a solubility of 32 grams. This point will be 
Y. In the same way X represents the solubility at 10°C., 
and K the solubility at O°C. The solubilities at 30°, 40°, 
and 50° are also represented. Now, if a line is drawn 
through all these points, it is the solubility curve, and from 
it we can determine in an instant the solubility at any 
temperature, or we can determine the temperature at 
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which any solution becomes saturated. If the paper is 
ruled off in squares, the points can be determined more 
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quickly. Figure 26 shows the solubility curves for a 
number of salts when dissolved in water. 

The term solution, as popularly used, refers to the 
kinds we have been studying: namely, those produced by 
a solid and a liquid. In chemistry we extend the meaning 
to embrace any homogencous mixture of substances. It 
will, accordingly, be necessary to study three other classes 
of solutions: solutions of liquids in gases, solutions of 
liquids in liquids, and solutions of gases in liquids. 

59. Solution of Nquide in gases.—When water is in 
contact with sugar, the latter gradually dissolves in the 
former. In a similar manner, when air is left in contact with 
water, the latter gradually dissolves in the former. This 
we express by saying that the water ereporates. Just as 
thereisa limit to the amount of sugar that a given quantity 
of water will dissolve when the two are in contact, so it is 
possible to saturate air with water. We then say that the 
air is saturated or at its dew-point. If the air is cooled 
below this point, it becomes supersaturated and may fall 
through many degrees without any water being pre- 
cipitated; but if the air contains any solid particles, such 
as dust, the dissolved water will form around these just as 
the crystal of solute, when dropped into the supersaturated 
solution, grows in size owing to the deposit of solute on its 
surface. Fog is more common in smoky cities than in ad- 
joining rural districts, not because the urban air becomes 
cooled more frequently below its dew-point, but because 
there are many solid particles in the air (smoke), about 
which the water in the supersaturated solution can collect. 
and thus the air is prevented from remaining ina state of 
supersaturation. In rural districts, where the air is clear, it 
remains much morefrequently inasupersaturatedcondition. 

60. Solutions of Hquids in lquids.—lf a drop of 
alcohol is shaken with some water in a test-tube, it dis- 
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solves completely. In fact, no matter in what proportion 
these are mixed, they form one homogeneous mixture. 
But when ether and water are shaken together, the mixture 
differs markedly from the former one. If one drop of 
ether is added to half a test-tubeful of water and the test- 
tube is thoroughly shaken, the drop dissolves entirely. 
As more ether is added, the water becomes saturated. 
Any additional ether, being much lighter than water, 
floats on the top. Now, if the two layers are separated 
into two test-tubes, it can be proved that the bottom 
layer ia water with ether dissolved in it, while the top 
layer ie ether with water dissolved in it. Hence we can 
say, that mutually they are slightly soluble. If benzine 
and water are treated in the same way as the cther and 
water, it is found that the liquids also divide into two 
layers, but that the lower one is pure water and the 
upper one pure benzine. Thus, pairs of liquids divide 
themselves into the three classes: (1) Those that arc 
mutually soluble in all proportions, (2) those that arc 
mutually soluble up to a certain limit, after which they 
separate into layers, and (3) those that are mutually 
insoluble. 

61. Solubility of gases in Iquide.—If cold water 
from the tap is allowed to stand in a warm place, small 
bubbles of a gas soon appear on the sides and bottom of 
the vexsel containing it. This gas is composed chicfly 
of oxygen and nitrogen that were dissolved in the water, 
and the phenomenon indicates that the solubility of a 
gas ina liquid decreases with a rise of temperature. In 
thie respect the action of a liquid is in most cases differ- 
ent toward gases from what it is toward solide; for 
the solubilities of the latter, we have scen, usually in- 
crease with a rise of temperature. The same phenomenon 
is observed when a vessel of water is boiled. While the 
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water is still only moderately warm, bubbles are ob- 
served to rise from it. These, of course, are composed of 
oxygen and nitrogen, because bubbles of steam do not 
begin to form until the temperature has risen to 100° C. 

Some gases dissolve much more readily in water than 
does air. At ordinary temperatures water will dissolve 
nearly its own volume of carbon dioxide and many times 
its volume of ammonia. A given volume of a liquid will 
dissolve the same volume of a gas, no matter what pres- 
sure the gas exerts. Hence, if the pressure of a gas is 
doubled, a cubic centimetre of liquid will dissolve twice as 
great a weight of it, for the same volume contains twice 
as great a weight of gas at the higher pressure. The 
effect of pressure on the solubility of a gas is well shown 
in such “soft” drinks as soda-water, ginger-ale,ctc. These 
are all composed of ordinary water with carbon dioxide in 
solution, the gas having been dissolved under a pres- 
sure of two or three atmospheres. When they are un- 
corked, the pressure decreases to that of the atmosphere, 
and large quantities of carbon dioxide escape. 

Other liquids besides water dissolve gases, but differ- 
ent liquids differ greatly in the quantities of gases that 
they dissolve. 

62. The role of dissolved gases in water.—The solu- 
tion of oxygen and carbon dioxide in water plays a very 
important role in the life processes of aquatic plants and 
animals, Without these gases in the water, every 
stream, lake, or sea would be utterly devoid of plants and 
animals that respire under water. The animals depend 
entirely upon the dissolved oxygen for respiration; and 
the green plants depend on the dissolved carbon dioxide 
for building up the tissues of which they are largely con- 
structed. The dissolved oxygen plays another important 
part. Every stream and rivulet is pouring large quantitics 
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of plant and animal remains into the larger bodies of 
water, there to decay. It is the dissolved oxygen that 
converts these putrid remains into harmless and inoffen- 
sive substances, and thus keeps the waters pure. 

63. Deliquescence.—When a salt dissolves in water, 
the boiling-point of the solution is raised, and the stronger 
the solution the higher the boiling-point. In other words, 
the tendency to give off water vapour is less in a solution 
than in pure water. If the solution becomes very concen- 
trated, the tendency of water to evaporate from the solu- 
tion may become so small that, if there is much water 
vapour in the air, instead of evaporation taking place water 
may pass from the air into the solution. This takes place 
usually with sulphuric acid. If sulphuric acid is left 
exposed to the air, it will increase in weight, owing to the 
fact that water passes from the air into the acid. If 
sulphuric acid is left in contact with a confined quantity of 
air, it will thus tend to dry the air, and a substance tha’ 
acts in this way is callal a dehydrating or drying agent. 
Many very soluble solids act in the same manner. If a 
piece of sodium hydroxide is left exposed to the air, it first 
appears moist and finally the solid entirely dissolves, 
Icaving an aqucous solution of the salt. The sodium 
hydroxide, like all other solids, has a thin film of water 
on its surface, the result of condensation from the air. 
This water dissolves the hydroxide to make a very 
concentrated solution, which has so little tendency to 
give off water vapour that it acts like sulphuric acid, and 
water passes from the air into it rather than in the Opposite 
direction. Thus water passes into the solution, and more 
of the hydroxide is dissolved, until finally the whole of the 
hydroxide is mixed with the absorbed water to form a 
solution. Zinc chtoride, calcium chloride, phosphorus 
pentoxide and all very soluble salts act ina similar manner 
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and are called deliquescent substances. The property is 
called deliquescence. 

64. Hydrates.—If blue vitriol is heated in a crucible, it 
decomposes, giving off water vapour and leaving a 
white amorphous-looking residue. Many other crystal- 
line substances do the same thing, such as sodium sul- 
phate and magnesium sulphate. Salts of this kind are 
{requently called Aydrates, and the water thus driven 
off is called water of crystallization, because the residue 
is not in the form of crystals, and it was formerly believed 
that this water was necessary for crystallization. How- 
ever, many other salts crystallize perfectly without 
water; and even some that are usually hydrates can 
be crystallized without water. It is better to view the 
hydrate and its anhydrous residue as two substances; 
and the conversion of one into the other as a chemical 
change. 

If the air is very dry, it is not necessary to heat blue 
vitriol in order that water should pass from it into the air, 
leaving the amorphous-looking residue behind. On the 
other hand, if the anhydrous copper sulphate is left in 
contact with moist air, the former gradually absorbs water 
from the air, converting the solid back into blue vitriol. 
Thus the following two reactions may take place according 
to the humidity of the air: 

(1) blue vitriol—-anhydrous copper sulphate + water: 

(2) anhydrous copper sulphate + water—> blue vitriol. 

The chemical action expressed by the second equation 
is called hydration; that by the first, efflorescence. 
Washing-soda in crystals is a hydrate, efflorescing ir 
ordinary air and forming a white powder; but, like many 
other hydrates that have efloresced, it will again combine 
with the water of the air if the latter is humid enough 
A hydrate that efforesces in one climate may not do so tr 
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a more humid climate, but, on the contrary, its anhydrous 
salt may become a hydrate. 

65. Theoretical explanation of solution and its 
related phenomena. — Chemists generally hold that 
pure substances are composed of small particles called 
molecules. th the same pure substance these molecules 
are all of the same size; and are not in permanent 
contact, but have spaces among them. They are also 
not at rest, but in motion. When sugar is placed in 
water, its molecules move in the spaces among the 
molecules of the water and gradually diffuse until the 
mixture ie uniform. If we consider the phenomenon 
more closely, we shall see that the process of solution 
will come to an end in time. Across the surface of 
contact between the sugar and the water the molecules 
of sugar pass into the water. As the molecules of sugar 
continue to mix with the water across the common 
surface, not only do sugar molecules pass from the 
sugar to the water, but some of those already in the 
water pass back again into the sugar. The more the 
sugar ie dissolved, the more rapid doca this latter 
process become. Finally, a state of cquilibrium is 
reached, when just as many molecules leave the sugar 
to enter the solution as leave the solution to enter the 
sugar. The sugar will then no longer decrease in size, 
and we have a saturated solution. 

In the case of deliquescent substances (Sec. 63), the 
molecular theory also offers a simpte explanation. In these, 
molecules of water are passing from the air into the filmy 
solution on the substance and from the solution into the 
air, and if the air is humid, the number Passing from it 
imo the solution of the deliquescent substance is 
greater than the number passing in the opposite direction; 
so water passes from the air into the solution cov. 


ering the 
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deliqvescent substance. ‘This process continues, until the 
solution of the deliquescent substance becomes so dilute 
that there is equilibrium between the number of molecules 
passing in each direction. 

66. Pure substances, solutions, and mechanical 
mixtures.—We have now studied some properties of 
solutions; it remains to compare them with pure 
substances on the one hand and with mechanical mixtures 
on the other. When two substances are placed in contact 
to form a mechanical mixture, usually nothing happens; 
they snow no tendency to mix of their own accord, no heat 
is produced or absorbed, and there is no change of volume. 
The two components remain separate in little lumps, which 
usually can be detected with the eye or by means of the 
miscroscope; if one of the components is a liquid, the 
mixture is never transparent, but is always turbid. The 
mechanical mixture is, accordingly, always heterogencous. 
When two components that will form a solution are placed 
in contact, they at once begin to mix of their own accord 
and continue until the mixture becomes homogeneous, 
provided there is not too much solute. The mixing, except 
in the case of gascous solutions, is accompanied by a 
change of temperature and by a change in volume, the 
volume of the solution not being the sum of the volumes 
of its components. 

The components in a mechanical mixture possess the 
same tendency to react as they did before mixing. Ifa 
mixture of sand and water is made, the water has the same 
tendency to boil and freeze as before: that is, it still boils 
at 100° C. and freezes at0°C. Ithas the same tendency to 
act on sodium or calcium. When components are mixed to 
form solutions, their tendency to react is always changed, 
but frequently not toa marked degree. If water is mixed 
with salt to form a solution, its boiling-point and freezing- 
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point are both changed. White it appears to react with 
sodium or potassium as vigorously as before, it would be 
found, if the intensity of the action were accurately 
measured, that it had changed, and the same is true of all 
ita reactions. Yet the propertics of the solution are so 
related to those of its components, that the reactions of the 
solution can usually be predicted from a knowledge of 
the propertics of its components. 

Compounds, on the other hand, are markedly different 
{rom both solutions and mechanical mixtures. They differ 
from mechanical mixtures in that when they are formed 
from, or are decomposed into their constituents the process 
is always accompanied by changes in heat and volume. 
They differ from solutions in that solutions may be made 
up into sets, with gradually varying proportions and with 
properties steadily varying: while compounds cannot be 
made in euch sets—and in this sense have a fixed com- 
position. Moreover, the properties of compounds are 
often more markedly different from those of their con- 
stituents than are the properties of solutions. 

QUESTIONS 

1. How can the proportions of a soluble and an insoluble solid 
in a mixture be determined accurately? 

—~72. If you arc givena bottle containing a clear solution of copper 
sulphate, how can you (cll most readily whether it is saturated, 
unsaturated, of supersaturated? 

3, 10 c.c. of a aaturated salt solution weigh 11.8 grams, After 
evaporation 3.06 grams of salt remain. Calculate the solubility 
of salt at this temperature. 

' 4. (6) Draw a solubility curve of Epsom salt from the following 
data: 


4 


| 
‘temps | 0° tu? | 20° 


——+ —L 
Solubility... .26.991.530. 140.045. 50.3 $5 50.004.268.073.8 
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(6) If a saturated solution at 00° C. contains 200 grams 
of the salt, how much will be deposited when it cools to 15° C.? 


SD Explain the use of benzine and gasolene as cleaning agents. 


6. Kerosene, turpentine, benzine, gasolenc, chloroform, and ether, 
all dissolve fate readily. Which is the most suitable to use for 
removing grease spots from clothing? Give reasons. 

sw 7. Calculate the percentage of water of crystullization in gypsum 
from the following data: 7 grame of gypsum lose 1.464 grams 
when heated strongly. 

8. From a study of the solubility curves in Figure 26 answer 
the following questions: 

(a) Find the number of grame of potassium chloride that 
would be contained in 100 grams of water saturated with the 
ealt at 10° C., at 30° C., at 50°C. 

(6) At what temperature do 100 grams of water dissolve 
equal quantities of potassium chlorate or potassium chloride? 
How much of each does the water contain at that temperature? 
If auch solutions of cach are cooled to 10° C., how much of 
each salt will be precipitated? 


v 
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CHAPTER VII 


THE LAWS OF COMBINATION 


“The utility of being acquainted with these important laws 
is almost too manifest to require mention. Through their aid, and 
by remembering the equivalents of a few clementary substances, 
the composition of an extensive range of compound bodics may 
be calculated sith facility.” —Edwerd Turner, 1833 


67. Law of multiple proportions.—We have already 
learned how Dalton established the law of definite propor- 
tions (See. 35), according to which the percentage com- 
position of a pure substance is absolutely invariable. This 
gencral statement was, however, not accepted by all the 
great chemists of the carly years of the nineteenth century. 
In fact, one of the greatest controversies in the history of 
chemistry raged over this very law. The two leaders in 
the strife were both French chemists, Proust, who champi- 
oned the law, and Berthollet, who held that two pure sub- 
stances react, not in one definite proportion, but in gradu- 
ally changing proportions within certain limits. Berthollet 
was mistaken in his view, and his error was duc to not 
having distinguished carefully between pure substances 
and mixtures. It was, however, soon recognized that 
elements do frequently unite in more than a single pro- 
portion, and that for each proportion in which they unite, 
or react, a distinct pure substance is formed. The follow- 
ing is the percentage composition of six sets of pure 
substances, the members of each set of which are com- 
posed of the same two slermenta, the Percentages given 
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having been ascertained by quantitative experiments in the 
laboratory : 


(1) Water: 88.81 oxygen, 11.19 hydrogen 
Hydrogen peroxide: 94.12 oxygen, 5.88 hydrogen 

(2) Ethane: 80 carbon, 20 hydrogen 
Methane: 75 carbon, 25 hydrogen 

(3) Ferrous sulphide: 63.64 iron, 36.36 sulphur 
Pyrite: 46.67 iron, 53.33 sulphur 

(4) Cuprous oxide: 88.83 copper, 11.17 oxygen 
Cupric oxide: 79.9 copper, 20.1 oxygen 

(5) Tin suboxide: 88.15 tin, 11.85 oxygen 
Tin oxide: 78.81 tin, 21.19 oxygen 

(6) Sulphur dioxide: 50 sulphur, 50 oxygen 
Sulphur trioxide: 40 sulphur, 60 oxygen. 


Left in this form, these percentage compositions show no 
significant relationship; but, if for each pair of substances 
we calculate how much of the second clement is united 
with a fixed quantity of the first (say 100 grams), we dis- 
cover a most important law of chemistry. If 88.81 
grams of oxygen combine with 11.19 grams of hydrogen, 
then 100 grams of oxygen combine with 11.19 grams xee 
= 12.5 grams of hydrogen. The composition of these 
substances, when stated in this way, is as shown in the table 
on tne next page. 

It will be noticed that in cach set the amounts of the 
second element that unite with 100 grams of the first 
element bear a simple relation to each other. In the first 
set the amounts of hydrogen in the two substances are 
in the proportion of one to two, in the second set two to 
three. On consulting the last column it will be found 
that che numbers representing the proportions throughout 
are 1.¢7er greater than three to four. The amounts of the 
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second clement in cach set have not exactly the proportions 
indicated by the simple numbers, but that is due to the 
fact that the percentage compositions given in the list are 
experimental results (and hence are only approximate), 
and not to any real variation from the simple propor- 
tion; for, the more carefully analyses are made, the 
more nearly do the proportions of the sccond clement 
united with a fixed quantity of the first correspond 
to simple whole numbers. This great principle was named 
Dalton's law of multiple proportions, having been first 
formulated by that chemist as a deduction from his 
atomic theory, which will be discussed later in this 
book. Subsequent experiments soon proved Dalton’s 
deduction to be true in fact. _ 


Amount of eccond| Proportions 


Name of : conslitucnt of amounts 
subsance j united with 100 | in third 
grams of first columa 


100 g. oxygen 
.| 100 g. oxygen 


100 g. carbon 
100 g. carbon 


/S7.1d g sulphur] 
114.28 g. sulphur 


‘Salphur dioxide. ead “100g. sulpbur 


100g. 
Selphur tricaide....] 100 g. sulphur 150m. ocreen 2:3 


———“__—OOro— 
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68. Law of combining weights. 
“Nevertheless, the foundation of all that has been done in 
developing the subject of chemical equivalency was laid by him 

(Richter) in the statement that the proportion between the weights 

of bases which are neutralized by acids is constant and inde- 
pendent of the nature of the acid.” —Pallison Muir 

Even before the two great chemical laws stated in Sec- 
tion 67 were discovered and formulated, Richter, a German 
chemist referred to in the above quotation, had discovered 
and stated a still more comprehensive law, though he never 
recognized its universal application, but considered that 
it applied only to reactions between acids and bases. This 
law we shall now present, demonstrating at the same 
time that it is applicable to all pure substances reacting 
chemically. 

In Section 35 it has already been shown how the per- 
centage composition of a compound substance may be 
obtained experimentally; the following is the percentage 
composition of six such substances: 

(1) Magnesium oxide (2) Water (3) Carbon dioxide 

Magnesium 60.40 Hydrogen 11.19 Carbon 27.27 
Oxygen 39.60 Oxygen 88.81 Oxygen 72.73 
(4) Mercurie oxide (5) Sodium oxide (6) Chlorine monoxide 
Mercury 92.59 Sodium 74.19 Chlorine 81.61 
Oxygen GAL Oxygen 25.81 Oxygen 18,39 

Each of these substances contains oxygen as one of its 
constituents. Instead, however, of calculating the com- 
position as so many grams of each constituent in one 
hundred grams of substance, we shall select a fixed weight 
of oxygen, and calculate the weight of cach constituent 
that unites with this fixed weight. 

For a reason that will be evident later, we select 
8 grams as our fixed weight of oxygen. Now, as in mag- 
nesium oxide 39.6 grams of oxygen combine with 60.4 
grams of magnesium, 8 grams of oxygen combine 
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with 60.4 grams Xj15-12.2 grams of magnesium. : In hd 
same way, we find that 8grams of oxygen combine wit : 
1 gram of hydrogen, 3 grams of carbon, 100 grams oO 
‘mercury, 23_grams of sodium, and 35.5 grams of chlorine. 
These names and figures are arranged below in a circle, 
with the oxygen at the centre. The weight of each con- 
stituent that combines with 8 grams of oxygen is placed 


“4 
a. NS 
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te. 77.—Diaceaw exreewero ree Comminc Keatians oF 
Seven Bupa 


in an oblong, and a bend is passed from cach to the 
oxygen oblong to indicate that it combines with oxygen. 

If the quantitics represented by the numbers in the 
oblongs are considered the unit quantities, then the elements 
unite in the proportion of these unit quantitics; this is 
indicated by the ratio 1:1, which is placed along the fine 
joining cach two clements that were combined in the 
above compounds. 
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These six elements which combine with oxygen combine 
among themselves to form a variety of compounds, and 
show a remarkable peculiarity in the proportions in which 
they socombine. The following is the composition of three 
of these compounds, all of which contain hydrogen as a 
constituent: 


(1) Methane (2) Hydrogen chloride (3) Sodium hydride 
Carbon = 75 Hydrogen 2.74 Sodium 95.53 
Hydrogen 25 Chlorine 07.26 Hydrogen 4.17 


Now 1 gram of hydrogen was the quantity we found 
to combine with 8 grams of oxygen. Let us find with how 
much carbon, chlorine, and sodium 1 gram of hydrogen is 
combined in methane, hydrogen chloride, and sodium 
hydride respectively. 

In methane 25 grams of hydrogen are combined with 
75 grams of carbon; therefore 1 gram of hydrogen is com- 
bined with 3 grams of carbon. In the same way, we find 
that in the composition of hydrogen chloride and sodium 
hydride, 1 gram of hydrogen is combined with 35.5 grams 
of chlorine, and 1 gram of hydrogen with 23 grams of 
sodium; but 3 grams of carbon, 35.5 grams of chlorine, and 
23 grams of sodium are also the amounts of these elements 
that we found would combine with 8 grams of oxygen; 
and as chlorine unites with magnesium, with mercury, and 
with sodium to form magnesium chloride, mercurous chlor- 
ide, and sodium chloride, the amounts of these elements 
that unite with 35.5 grams of chlorine are 12.12 grams of 
magnesium, 100 grams of mercury, and 23 grams of sodium, 
again the exact quantities that we found combining with 
8 grams of oxygen. These new combinations we shall 
again represent in a circular diagram (Fig. 28). 

If we had the seven elements in parcels of the weights 
indicated in the diagram, then to form a compound of any 
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two of them, it would be necessary only to bring together 
a parcel of cach under such conditions as would result in 
combination; they would then be in the proper propor- 
tions to unite completely, none of cither being left over. 
From the above facts regarding the compounds of these 
seven clements, we may state generally that for cach 
clement such a weight can be selected that, when these 


Pea Wace Earacerns sue Comenerns Rruatiown 
elements take part in a chemical reaction, they will 
always react in the proportions of these weights. 

But the law is not quite so simple aa the above state- 
ment would indicate. Besides the mercurous chloride 
mentioned above, mercury and chlorine unite to form 
mercuric chloride; but in this case 35.5 grams of chlorine 
are combincd with 200 grams of mercury or 2 parcels. 
Similarly, 1 parcel of oxygen (8 grams) not only combines 
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with 1 parcel of carbon (3 grams) to form carbon dioxide, 
but it also combines with 2 parcels (6 grams) to form carbon 
monoxide. But the numbers of the parcels that react 
together always form a very simple proportion. 

And what is true for these seven elements is true not 
only for all the elements, but for all pure substances, 
whether they be clements or compounds. We can 
thus give the complete statement of the law of com- 
bination or of combining weights. For every pure substance 
such a _weight.can be selected that, when such substances 
lake part in a reaction, they do so in the proportion of 
these weights or in simple multiples of these weights. 

Two things should be noticed about the weights selected: 
(1) The numbers are only relative, their absolute value 
depending on the initial number—in this case 8 grams 
of oxygen, for, if 16 grams of oxygen had been selected, 
the numbers would all have been doubled. (2) Some 
choice may be exercised in selecting the numbers. We 
selected 3 grams for carbon, because in carbon dioxide 
8 grams of oxygen are combined with 3 grams of 
carbon; but we might just as well have selected 
carbon monoxide, in which 8 grams of oxygen are 
combined with 6 grams of carbon. The combining 
weight of carbon would then have been 6 grams instead of 
3 grams; and in carbon dioxide, in which 3 grams of carbon 
are combined with 8 grams of oxygen, or 6 grams of carbon 
with 16 grams of oxygen, 1 combining weight of carbon 
would have been combined with 2 combining weights of 
oxygen. The various weights which it is possible to 
select are called combining weights and the particular once 
which is finally selected is called the reacting weight. 

If all pure substances used in the chemical laboratories 
were put up in parcels whose weights were their re- 
acting weights, and if, when any two took part in a 
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reaction, a pareel of cach were used, the substances would 
be present in exactly the correct proportions to react com- 
pletely, go that nonc of cither would remain unused. More- 
over, the weights of the new substances formed would be 
their reacting weights. If, also, a parcel of zinc were placed 
in a parcel of sulphuric acid, the two would react com- 
pletely; no zine and no acid would remain unused, and 
just one parcel of hydrogen and onc parcel of zinc sulphate 
woukl be produced. Of course, it, would in some cases 
Le necessary to use two parcels of one with one of the 
other, or to combine parcels in geome other simple ratio. 

But from mere investigation of the composition of pure 
substances, we cannot finally decide which of the possible 
combining weights is the most suitable to select for cach 
substance. This difficulty proved a stumbling block in the 
path of the moat scholarly chemists during the first half 
of the nineteenth century, but in 1858 it was finally 
cleared up by the brilliant young Italian, Cannizzaro, 
whose method will be presented after we have establighed 
Gay-Lussac’s law of volumes. 

69. Gay-Lussac’s law of volumes.— 

“M. Gay-Lussac has shown in an interceting memoir that 
gases always unilc in a very simple propartion by volume, and 
that when ihe rewlt of the union ie a gas, ite volume ako is very 
simply relicd to thew of ite components.” _ 4, Avogadro, 1811 
The following facts have been found by quantitative 

experiments: 8 g¢. of oxygen combine with 6 g. of carbon 
to form 14 g. of carbon monoxide; 1 g. of hydrogen 
combines with 35.5 g. of chlorine to form 36.5 g. of hydro- 
gen chloride; 1 g. of hydrogen combines with 3 g. of carbon 
to form 4 g. of methane, Accordingly, as 8 grams and 1 
gram are combining weights of oxygen and hydrogen, 
14 grams, 36.5 grams, and 4 grams are combining weights 
of carbon monoxide, hydrogen chloride, and methane, 
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Let us put in one column the combining weight of each 
gaseous substance occurring in the foregoing reactions, 
and, alongside of cach, the volume it occupies at N.T.P., 
as found by experiment: 


1 g. of hydrogen at N.T.P. occupies... .11.2 litres 
8 g. “ oxygen s as .. 5.6 °° 
35.5 g. ‘' chlorine ha bs prey 0 ee 
14 sg. “ carbon monoxide “ “ yee 2. 

4 og.“ methane s ian 556.4" 
36.5 g. ‘ hydrogen chloride “' eS ner) oa 


From the above it is evident that the: relation be- 
tween the volumes of the combining weights of different 
pure substances is very simple; for the only three volumes 
occurring are 5.6 litres, 11.2 litres, and 22.4 litres; and 

' 22.4 litres= 5.6 litres x 4; and 11.2 litres=5.6 litres x 2. 
As these gases, when they react, do so in the proportion 
of these weights or simple multiples of them, the pro- 
portions by volume in which they react must also be very 
simple. And what is true for these gases is equally true 
for all gaseous pure substances. Over one hundred 
years ago Gay-Lussac, having observed the simple pro- 
portion existing between the volumes of gases that react, 
enunciated the law of combination by volume, which is 
known as Gay-Lussac’s law of volumes. According to this 
law, when gaseous pure substances lake part in a reaction, 
they react in_a simple proportion by volume. 

Imagine an experimental laboratory in which only 
experiments with gases are performed. Containers of 
only one size will be necessary. All the various gases, 
both compounds and elements, can be contained in these. 
When an experiment is performed, it will simply be neces- 
sary to take the required number of vessels of cach gas. 
which number will be small in the case of the substances 
dealt with in elementary chemistry. When the gases are 
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Drought together, under suitable conditions, they will 
react completely, none of either remaining; and, if any 
gascous products are formed, the amount will be just 
sufficient to fill a very simple number, such as one, two, 
three, or four vessels. 

70. Further differences between mixtures and pure 
substances.—The laws of combining weights and com- 
bining volumes supply an additional means of distinguish- 
ing solutions and mechanical mixtures on the one hand 
(vom compounds on the other; the latter always have their 
constituents present in the proportion of their combining 
weights, while the proportions of the components in a mix- 
ture may vary greatly and have no relation to their 
combining weights. For example, an alloy of silver and 
copper contains 40 per cent. of silver and 60 per cent. 
of copper, and behaves in some respects like a compound. 
Let us test whether the clements are present in the pro- 
portion of their combining weights, which are 108 grams 
for silver and 63.6 grams for copper. 

Since 6Q grams of copper are united with 40 grams of 
silver, 63,6 grams of copper will unite with 40 grams xese 
42.4 grams of silver. 

Mowever, 42.4 has no simple relation to 108; it is neither 
1/2 nor 1/3, but is about 20/51 of the combining weight of 
silver. Accordingly, the elements are present neither in the 
proportion of their combining weights nor in any multiples 
thercof, and this alloy is not a compound, but a mixture, 


QUESTIONS 
1. Show that the Law of multiple proportions is a particula: 
of, aad deducible frum, the Law of combining weights. oe ae 


2. Taro oxktes of a metal M contain reopectively 22.53 per cent, 
and 30.38 per cent. of oxygen. Show how these two oxides illuarane 
the law of multiple proportions. 
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3. An empty porcelain boat weighs 3.428 grams. Some copper 
filings are placed in it, and then the two weigh 4.278 grams. The baat 
is heated in a combustion tube through which oxygen is pasyed, 
until it ceases to increase in weight. The boat now weighs 4.488 
grams. From these data find a combining weight of copper, taking 
that of oxygen to be 16 grams. 

4. 1f0.53 grams of magnesium when burned in air produce 0.88 gram. 
of magnesium oxide, calculate a combining weight of magnesium, if 
that of oxygen ia 16 grams. 

S. Combining weights of oxygen and nitrogen are 16 grams, and 
14.01 grams. The percentage composition of air is nitrogen, 76.995 
per cent. and oxygen 23.005 per cent. Are the clements present in 
air in the proportion of these combining weights or simple multiples 
of these combining weights? Is air a mixture or a compound? Give 
reasons for your answer. 

6. The combining weight of copper sulphate is 159.6 grams and 
of water 18 grams. When 1 gram of blue vitriol is heated, 0.64 
grams of copper sulphate are left as residue, and 0.36 grams of 
water are driven off. 1s blue vitriol a compound or a mixture? 
Why? 

7. I€1 gram of zinc requires 1.498 grams of sulphuric acid to produce 
0.030 grams of hydrogen and 2.468 grams of zinc sulphate, find a 
combining weight of zinc, of sulphuric acid, and of zinc sulphate, 
assuming the combining weight of hydrogen to be 1 gram. 


CHAPTER VIII 
THE SHORTHAND OF CHEMISTRY 


71. Molecular or formula welghts.—As was done 
in the preceding chapter, let us place in one col 
combining weights of some gascous pure sub: 
alongside of each the volume it occupies at N 


1 g. of hydrogen at N.T.P. occupies... 11.2 ditres 
3 og.“ oxygen ~ een Oe 
35.5 g. ‘ chlorine *. Seen | ber 
Msg. “ carbon monoxide “ ato hs Be 

40g. methane ° ew. 5G” 
36.5 g. “ hydrogen chloride “ Sacer 7 ea 


The volumes occupied by these combining weights are 
very closely related, as they are all simple multiples of 5.6 
litres. Now, as has been explained already in Section 68, 
the combining weights selected in the above column are 
not the only possible ones; any simple multiples of these 
might be selected. Evidently, however, it would be a 
great advantage to select such a multiple for each that 
the combining weight of cach would occupy the same 
volume. If 2 grams were selected for hydrogen, its 
volume would occupy 22.4 litres, and if 32 grams, 71 
grams, 28 grams, 16 grams, and 36.5 grams, were sclected 
respectively for oxygen, chlorine, carbon monoxide, 
methane, and hydrogen chloride, then in every case a com- 
Dining weight would occupy 22.4 litres at N.T.P., which 
would, therefore, be the unit volume in chemistry. 

The fact that hydrogen has been fouad to be the light- 
est of the elements led Cannizzaro to select the volume 

7 


108 CHEMISTRY 


of 2 grams of it, measured at 0°C. and 760 mm. pressure, 
as the unit volume in chemistry. 

At the present time, we select a unit volume which 
is in effect almost the same as the one selected by 
Cannizzaro in 1858, namely, the volume of 32 grams of 
oxygen measured at 0°C. and 760 mm. pressure. This 
volume is 22.4 litres or 22400 c.c., and the weight of 
this unit volume of any gaseous pure substance at 0°C. and 
760 mm. pressure is called its molecular weight. Later in 
this book a more general meaning is given to this term. 

Hence the weights of this volume of all gascous pure 
substances will represent their combining weights, and 
the molecular weight of a substance is always one of 
the combining weights of that substance. 

72. Finding of molecular weights.—The molecular 
weight can be determined by various experiments. A 
flask of known volume may be exhausted and weighed, 
and then filled with a gas, and weighed again. Or we may 
lake a test-tube containing potassium chlorate, weigh it, 
and then heat it, and collect all the gas that is driven 
off (Fig. 3). If the test-tube is then weighed again, the 
difference will determine the weight of the oxygen col- 
lected, and if then the volume of gas is measured and 
the temperature and pressure recorded, we have all the 
data necessary for computing the molecular weight. Let 
us suppose that in the experiment described above we 
found 0.303 grams of oxygen to occupy 227 c.c., at 15°C. 
and 750 mm. pressure, then 


0.303 g. at 15°C. and 750 mm. occupy ..........- 227 ¢.2. 
0.303 g.at0°C. and 760mm.“ 227x322 xB ec 

= 212.3 c.c. 
212.3 cc. at N.T.P. weighs .......... 002-0 ee 0.303 g.- 
22400c¢. “ “ 0.303 X20 g. 


32 £- 
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The molccular weight of oxygen. therefore, is 32 grams. 
But in finding the molecular weight of a pure substance, 1€ 
is not necessary that it should be gascous at ordinary temp- 
eratures; for, since all gases expand equally for equal 
changes of temperature, the volume of the substance 
at any temperature can be reduced to normal conditions of 
temperature and pressure, and the molecular weight can 
then be obtained. Steam, for example, cannot be obtained 
at O°C., yet we know that its molecular weight is 
18 grams; for, if 22.4 litres of oxygen measured at 
0°C. were heated to 100°C., and its volume measured, 
and if an cqual volume of steam at the same tem- 
perature and pressure were then weighed, it would weigh 
18 grams. 

We conclude, therefore, that the molecular weight of 
any gaseous pure substance is the weight of a volume of it 
at any temperature and pressure equal to the volume 
occupied by 32 grams of oxygen at the same tempcra- 
ture and pressure. 

73. Atomic welghts.—The law of combining weights 
states that all pure substances react in the proportion of 
simple multiples of their reacting weights. If a combining 
weight of any one substance in a reaction “is used, 
then the amounts of any others present in the reactions 
must be their combining weights. This is the case, also, 
when two or more clements unite in amounts which form 
the molecular weight of a compound. Since the molecular 
weight of the compound is onc of its combining weights, 
the amounts of the constituents which are reacting must 
also be their combining weights. In other words, the 
molccular weight of any compound contains simple multi- 
ples of the reacting weights of its constituents. Let us 
tabulate come quantitative facts concerning some gascous 
pure substances whose molecular weights can be found: 
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| | Weight of constituents ina; 
Name of substance | Motccular molecular weight , Motecular 


Ot | ies oe ee 
ee ae 
Water. ..... 0.0.68. 18 16 | 2 H,0 
Hydrogen chloride..| 36.5 | a | 35.5 |HCI 
Methyl chloride.....) 50.5 12 . 3 35.5 |CHaCl 
Marsh gas.......... 16 12 en 3 CH, 
Carbon tetrachloride] 154 2 | | 42 |CCy 
Carbon monoxide...} 28 12 16 co 
Carbon dioxide......} 44 12/32 | CO, 
Carbonyl chloride...| 99 12 16 | 71. [COCK 
Chlorine dioxide.....] 67.5 32 |: 35.5 {CIO 
Oxygen 32 32 | Oz 
Hydrogen. . 2 i 2 He 
Orone.............. 48S! 48 | 05 
Hydrogen peroxide..} 34 1 32! 2 | H20, 
Acetylene.......... 26 24 he 2 C3Hy 
Ethytene........... 28 a i 4 CoH, 
Formaldchyde...... 30 12 16 | 2 CH,0 
Aceti¢e acid......... 60 24 32 | 4 C2H,4O, 
Chloroform......... 19.5 | 12 | 1 |106.5 |CHCl, 


The pure substances in the above table are confined to 
those which contain the constituents carbon, hydrogen, 
oxygen, or chlorine. The second column contains the 
molecular weight of each, ascertained by weighing a 
measured volume of the gas, using the method illustrated 
for oxygen (Sec. 27). The adjacent columns contain the 
weights of the constituents in the molecular weights of the 
substances. The method of obtaining these weights of the 
constituents can be best explained by an illustration. If for 
that purpose, formaldehyde, the sixteenth substance in the 
list, is analysed, its composition is found to be 

6.67 per cent. hydrogen, 
53.33 per cent. oxygen, 
40.00 per cent. carbon. 
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In a molecular weight (30 grams) there are, therefore, 
$8 of P = 2 grams hydrogen, 

50 of ? = 16 grams oxygen, 

and i@ of 2 © 12 grams carbon. 


The significance of the last column in the table on 
page 110 will be explained later. 

The smallest amount of carbon present in a molecular 
weight of any of the substances in the table on page 110 
is 12 grams, and the other amounts present arc simple 
multiples of this. A like statement is true about the other 
constituents, The least amount of hydrogen is 1 gram, 
of oxygen 16 grams, and of chlorine 35.5 grams; the larger 
amounts of these clements are always simple multiples of 
these least amounts. The above list contains only a frac- 
tion of the pure substances which contain these constituents, 
and which are convertible into vapours, and hence whose 
molccular weight can be found. If, however, the full list 
were tabulated, no molecular weight of any of the pure 
substances woukl be found to have smaller weights of 
these elements than are found in the above table. Such 
weights as these are called afomic uvights. The atomic 
weight of an element may, therefore, be defined as fhe 
smallest weight of the element that is found in a molecular 
weight of any pure gaseous substance of which i is a con- 


stituent. In order, therefore, to find the atomic weight of an 
clement, it is necessary to analyse all pure substances of 


known molccular weight that contain it as a constituent; 
then to calculate the weight of the clement in a molecular 
weight of cach pure substance. The least weight that 
occurs is the atomic weight. 

74. Why were 22.4 Iltres eelected as the unit 
volume?—We are now prepared to answer this question. 
As has been explained in Section 71 the unit volume was 


112 CHEMISTRY 


selected which contained exactly a combining weight of 
oxygen, and hence of all other substances. The possible 
combining weights of oxygen are 8 grams, 16 grams, 32 
grams, etc. If the volume of 16 grams had been selected 
as the unit volume, instead of 32 grams, then the molecular 
weight of oxygen would have been 16 grams; and the 
molecular weight of all the substances in the foregoing list 
would have been halved. This would make the atomic 
weight of hydrogen 0.5 grams. But, for evident reasons, 
Cannizzaro desired to represent the smallest atomic weight 
by unity, and, accordingly, selected 22.4 litres as the unit 
volume. Thus hydrogen, the element with the lowest atomic 
weight, had unity for its atomic weight. For reference, a 
list of the common elements with their exact atomic 
weights is printed on the inside back cover of this volume. 

75. The selection of possible combining weights.— 
In Section 68 it is stated that there are various possible 
combining weights for each pure substance, any one of 
which might be selected. We are now in a position to 
make a final selection of the most suitable combining 
weights. Its atomic weight is the one that is always 
selected for each element, and its molecular weight for 
each compound. These are what we have called the 
reacting weights. 

76. Symbols and formule.— 

"Such symbolic representations have been in vogue in chemistry 
from the earliest times, when the metals in particular obtained 
the signs of the planets. . . With the discovery of the law of 
combining weights, however, these symbolic representations 
received an extended, quantitative meaning, as they then had 


to represent a combining weight of the substance in question.” 
—William Ostwald 


In chemical reactions it is necessary to express conciscly 
the exact quantities of the reacting substances. Various 
attempts were made to do this by means of symbols. 
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Dalton used a different sign for each element; and com- 
binations of these signs expressed the composition of 
compounds. In Figure 20 we show some of his symbols: 
and also how they were combined to express the composi- 
tion of compounds. Dalton’s symbcls, however, being 
cumbersome, were soon abandoned for those of Berzclius, 
which have been in common use ever since. According to 
his method of representation we let 

O stand for the atomic weight of oxygen, 16 grams. 

Cl stand for the atomic weight of chlorine, 35.5 grams. 

€ stand for the atomic weight of carbon, 12 grams, 

Ih stand for the atomic weight of hydrogen, t gram; 


and all the: other elements have symbols expressing their 
atomic weights. Usually the first letter of the element is 
used as the symbol, as B for boron, and C for carbon. 
Where several elements begin with the same Ictter, two 
letters are uscd, a capital followed by a small Ietter, as Ca 
for calcium, Cl for chtorine, and Co for cobalt. It is evi- 
dently more convenient that symbols should be che same in 
all languages; hence the first letter or letters of the Latin 
name are generally uscd, os, Fe (Lat. ferrum) for iron; Cu 
(Lat. cuprum) for copper; Pb (Lat. plumbum) for lead; K 
(Lat. kalium) for potassium; Na (Lat. nmatrium) for 
sodium. And it cannot be emphasized too strongly that 
these symbols are not mere abbreviations standing for the 
names of the clements; they also always stand for a defi- 
nite weight of the clement, namely, the atomic weight. For 
the convenience of pupils, on the inside of the back cover 
of this volume is given a list of the common elements, 
their symbols, and their atomic weights, as fixed by an inter- 
national commitice who have investigated and chosen the 
most accurate number, and in the next column, the 
approximate atomic weights. 


1l4 CHEMISTRY 


SPP 62/603 


Fic. 20.---Facsiaite Frost DaLton’s Note-noox sirowin 
GIVEN TO THE ELEMENTS, AND MIS METHOD OF CostnINID 


2 THEM TO EXTRENS 


tue Comrosition oy Comrounps 
Azote:=nitrogen | 
itr 


Gawous ts je of catbonacarbon monoxide 
Sulphurous acid asulphur dioxide 
Sulphuric acids. aulphuc trioxlde. 


1S ORIGiInat Syatre: » 


Ww THE SHORTHAND OF CHEMISTRY 5 


The molecular weight of water, (see list on page 110), 
contains 2 grams of hydrogen (two atomic weights), and 16 
grams of oxygen (one atomic weight). Its composition 
could be expressed by the combination of symbols HHO, 
each H standing for 1 gram of hydrogen and the O standing 
for 16 grams of oxygen. But instead of repeating each 
symbol for each occurrence of its atomic weight in a molc- 
cular weight of the substance, we put a numerical index be- 
low it; thus H20. Such a group of symbols expressing the 
composition of a pure substance is called a formula, and 
when the formula expresses the composition of a molecular 
weight, as in the case of H,0, it is called a molecular formula. 
The molecular formula of each substance in the list on page 
110 is written in the last column, and these should be 
studied carefully. Take the case of carbon dioxide: 

CO, is the molecular formula for carbon dioxide. 
Let us see what a large amount of definite information 
is packed into the brief space of this group of symbols. 
It expresses the following facts: 

(1) That a molecular weight of carbon dioxide con- 
tains 12 grams of carbon and 32 grams of oxygen; 

(2) that 22.4 litres of carbon dioxide at 0°C. and 760 
mm. pressure weigh 44 grams; 

(3) that 44 grams of carbon dioxide, or a simple multi- 
ple of it, always reacts with a combining weight of any 
other pure substance; 

(4) that CO, stands for 44 grams. 

To find the formula of a pure substance it is necessary 
to know its constituents, and the proportions in which 
these constituents are present in the substance. Suppose a 
gas has been analysed and found to contain 85.73 per cent. 
of carbon, aml 14.28 per cent. of hydrogen, and we desire 
to find its formula. We know that the constituents are 
Present in the proportion of their atomic weights, or of 
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simple multiples of them. If we select 1 atomic weight 
of carbon and find the quantity of hydrogen that is united 
with it, we are quite certain that this amount must be 1 
gram, (its atomic weight), or some simple multiple of its 
atomic weight. 

In the above example: 

85.73 grams of carbon are combined with 14.28 grams of 
hydrogen; 

1 gram of carbon is combined with Pernt grams of hydrogen; 


12 grams of carbon are combined with 434 /J._2 grams of 
hydrogen; 

12 grams of carbon are represented by C, 2 grams of hydrogen 
are represented by I. 

The simplest formula, therefore, is CHz; but the 
formula might as well be written C2H,, C3Hg, etc., for 
all of these have the above percentage composition. But as 
a molecular formula always represents the weight of 22.4 
litres of the substance in the form of a gas, in order to 
decide which of the above is the molecular formula, t is 
necessary to know the density of the substance in the form 
of a gas. If, then, we also know that 1 titre of the gas 
at 0°C. and 760 mm. pressure weighs 1.25 grams, we are 
able to determine which of these formulz is the correct 
one: 22.4 litres of the gas at the normal temperature and 
pressure weigh 1.25 grams X 22.4=28 grams. 

CH? represents a weight of 12+2=14 grams, 

C2Hy, represents a weight of 244+4=28 grams, 

CsHg represents a weight of 3646=42 grams; hence the 
molecular formula is C2H4. 

Example 1. A substance on analysis gives the following 
composition: hydrogen, 1.59 per cent.; nitrogen, 22.22 pet 
cent.; oxygen, 76.19 per cent. One litre of the substance 
in the form of a gas at 90°C. and 700 mm. pressure weighs 
1.95 grams. Find its molecular formula. 
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1 litre at 90°C. and 700 mm. pressure would occupy 


x ara x 700 jitres at N.T.P. 
33 700 


ix Bo x re litres at N.T.P. weight 1.95 g- 
24 e “ o o o 22.4 ¢ 
= O3¢. 
1.59 g. hydrogen combines with 22.22 g. nitrogen and 7 196. oxygen. 
ig " ” . 70.10 6. 


+ 19.08—. “ "47.025. 

13.98 grams of nitrogen is approximately N, and 47.92 
grams of oxygen is approximately Os, hence the simplest 
formula is HNO;. The molecular weight of a substance 
of this formula is H, 1 gram, 

N, 14 grams, 
Oy. 48 grams, 


63 grams. 

But we found above that the molecular weight was 
63 grams; therefore HNO, is the correct molecular formula. 

Example 2. If 1.23 grams of aluminium are burned in 
oxygen. and the resulting oxide weighs 2.32 grams, find 
the simplest formula for aluminium oxide. 

1.23 grams of aluminium combine with (2.32—1.23) 
grams=1.09 grams oxygen. 

27 grams of aluminium combine with 1.09 grams X 2h = 
23.9 grams. 

Real 4 atomic weights of oxygen. 

Therefore the simplest formula is AlO,y, or Al,O), 
as no fraction of an atomic weight is ever used in a formula. 

QUESTIONS 


1, The weight of 1 litre of a gas at 0°C. and 760 mm. pressure ii 
5.236 grams. Find its molecular weight. chad 


2. The formula of hydrogen is Hy. What is the weight of 1 litre 
of hydrogen, measured at normal temperature and preseure? 
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3. A bottle full of air weighs 101.446 grams; when filled with sulphur 
dioxide it weighs 101.837 grams; when filled with water it weighs 
351.123 grams. If 1 litre of air weighs 1.293 grams, find the molecular 
weight of sulphur dioxide. 

4. Sulphur dioxide contains 50 per cent. of oxygen and SO per 
cent. of sulphur. Find its molecular formula. (See question 3 for 
its molecular weight.) 

5. The molecular weight of cyanogen is 52 grams. What is its 
density as compared with air? (Sec. 24) What is the weight of 1 litre 
of it at O°C. and 760 mm. pressure? It contains 46.08 per cent. 
carbon and 53.92 per cent. nitrogen. What is its molecular formula? 

6. Hydrogen sulphide, H2S, 

Nitric oxide, NO, 

Ammonia, NH3, 

Marsh gas, CH, 

Methy! Chloride, CH Cl. 
For cach of the above substances find (a) the molecular weight; 
(b) the percentage composition; (¢) the weight of 1 litre of the gas at 
N.T.P.; (d) how many times it, as a gas, is as heavy as air (density 
compared with air); (¢) the number of times it isas heavy as hydrogen 
(density compared with hydrogen); (f) the volume of 1 gram at N.T.P. 

7. What weight of oxygen could be obtained from 200 grams of 
mercuric oxide, HgO? 

8. One litre of oxygen at 0°C. and 760 mm. pressure weighs 1.429 
grams. What is its inolecular weight? 

9. lec. of sulphur dioxide at N.T.P. weighs 0.00286 grams. 
Calculate its molecular weight. 

10. What weight does cach of the following represent: O3, NII3, 
H2S04, Nz, Hg, HgO, KCIO3? 

11. If one gram of liquid ozone were to evaporate, what volume 
would it occupy under N.T.P.., if it all remained as gaseous ozone, whose 
formula is O3? If 90 per cent. were converted into oxygen gas, Oz, 
in evaporating, what volume would the mixture of oxygen and ozone 
occupy? 

12. Calculate the simplest formuli of the compounds which have 
the following percentage composition, (correct to the second decimal) 

(a) Chlorine, 60.68; sodium, 39.31. 

(6) Sulphur, 23.52; calcium, 29.41; oxygen, 47.05. 
{c) Carbon, 40; hydrogen, 6.67; oxygen, $3.33. 

(d) Nitrogen, 26.17; hydrogen, 7.48; chlorine, 66.35. 
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13. Caleulate the simpleat formule of the following compounds: 
(6) 18 grams of the substance contains 8.4 grams of iron and 9.6 
grams of sulphur. (6) 0.84 grams of the substance contains 0.587 
grams of iron and 0.253 grams of oxygen. 

14. Ether contains 61.80 per ccat. carbon, 13.51 per cent. 
hydrogen, and 21.62 per cent. oxygen. One litre of the ether at 
100°C, and 760 mm. pressure wvighs 2.42 grams. Calculate the 
mokeular formula. 

15. A substance contains 29 per cent. sodium, 40.5 per cent. sul- 
phur, and 30.5 per cent. oxygen. bts niokcular weight is 158 grams. 
Calculate its mokecular formula. 

16. A substance contains 80 per cent. carbon, and 20 per cent. 
hydrogen. Its vapour is fifteen times as heavy as hydrogen. Caleu- 
late its formuls. 

17. It has been found that 3 grams of carbon unite with 8 grams 
of oxygen to form an oxide of carbon, What is the simpleat formula 
of the oxide? 

18. Morley found that 1.429 grams of oxygen were contained in 1 
Vitre at N.T.P., and that 0.08987 grams of hydrogen were contained in 
1 litre. Lord Rayleigh found that 1.250$ grams of nitrogen were 
contained in 1 litre ot N.T.P. Calculate tbe mokculsr weights of 
these three clements. 

19. A glass globe full of air at O*C. and 760 mm. weighs $1.125 
grams. Tho glass globe full of stannic chloride gas at 150°C. and 
7 mm. wvighs $2.682 grams. The volume of the globe is 250 cc. 
From the above data Gnd the molecular weight of stannic chloride. 


Mokcular ae enacn 
weight | 


\Carbon Chlorine, 


Carboa chloride. 1S 92.2% 
Hydrogen, | Chlorine, 
Chloroform... 119.5 | Ia.06¢% 0.845, 9.1% 


Vhosphorus, (Chlorine, 

chloride........ 137.$ 22.8755, TAS 
. Oxygen, Chlorine, 
Sulpherylebloride.| 155 23.72% 23.12%, 52.56% 


a LS 
Mydeogen chiositt 36.8 [orzeey [aaah 
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If the foregoing were the only gascous pure substances contain- 
ing chlorine, from the data given find the atomic weight of chlorine. 

21. Deduce the formula of alcohol from the following data con- 
cerning it: Its percentage composition is carbon 52.17 per cent.; 
hydrogen, 13.04 per cent.; oxygen, 34.80 per cent.; ite vapour density 
is 1.59 (air=1). 

22. Cane sugar contains carbon, hydrogen, and oxygen only. 
0.3 grams of it when completely burnt in air to water and carbon 
dioxide gave 0.463 grams of the latter and 0.174 grams of the former. 
The formula of carbon dioxide is COg, of water HzO. The mo- 
fecular weight of sugar is 342. Find its formula. 


CHAPTER !X 
EQUATIONS, VALENCY, AND NOMENCLATURE 


77. Chemical equations.—In the last chapter it 
was shown that much information regarding a pure sub- 
stance can be expressed by combining the symbols of its 
constituents into a suitable formula. The formula, how- 
ever, docs not mark the limit of this condensed form of 
expressing chemical facts. We will now show how, by 
various combinations, we can represent concisely the 
qualitative and quantitative relationships of all the pure 
substanecs taking part in a reaction: 

If 1 gram of magnesium is heated in air, it unites with 
0.656 grams of the oxygen of the air to produce 1.656 grams 
of magnesium oxide. Therefore 24.4 grams of magnes- 
ium, (one atomic weight), unites with 0.056 grams x 24.4 
#16 grams of oxygen (one atomic weight) to produce 

1.656 gramsx24.4 40.4 grams of magnesium oxide. We 
thus see that the simplest formula of magnesium oxide 
is MgO. 

The above facts might be expressed thus: 

Mg+O—>MgO. 
This would be read thus: 24.4 grams of magnesium 
react with 16 grams of oxygen to produce 40.4 grams of 
magnesium oxide, (the sign + on the left side standing 
for “reacts with” and —> stands for “to produce”). 
Such a combination of formulx is called a chemical equa- 
tion. But whenever we have the molecular formula (as we 
have for all gases), only that formula is used in equa- 
tions; we never write O for gaseous oxygen, as we have 
ia 
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found that the weight of 22.4 litres of this clement is 

32 grams and its molecular formula is therefore 0). 

Hence the foregoing equation should be written: 
2Mg+O2—>2MgO. 

We do not write the formula of magnesium Mg,, 
because that would represent a pure substance whose 
molecular weight is 48.8 grams, and up to the present time 
the molecular weight of magnesium has not been deter- 
mined by chemists. Where the substance is not a gas, we 
write the formula as simply as possible, asin MgO, and the 
weight expressed by it is called the formula weight, as it 
would not be correct to call it the molecular weight. A 
number before the formula, like the 2 before Mg and before 
MgO, indicates that twice the formula weight is taken. 

When 4 grams of hydrogen unite with 32 grams of 
oxygen, 36 grams of steam are produced. The equation 
expressing this is written as follows: 

2H2+02—>2H20, 
because quantitative investigations have shown that 
He, Oe, H2O are the molecular formule of the three 
substances occurring. Accordingly, 2Hz stands for the 
4 grams of hydrogen, O2 for the 32 grams of oxygen, and 
2Hz20 for the 36 grams of steam. 

To write an equation it is necessary, therefore, to have 
the following information: 

(1) The formula of all the substances taking part in 
the reaction. (2) The proportions in which they react. 
If, however, the formula of the substances reacting are 
known, the probable equation can generally be worked 
out without actually weighing each substance in the re- 
action. We will now illustrate how this is done. 

78. Writing equations.—Before writing equations, 
the pupil must know the composition of all the substances 
taking part in the reaction, both before and after the 
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chemical change. The formule of these he will cither 
know or find from a book. The method described is 
Sections 86 and 87 shows how the formule of most of 
the substances used in elementary chemistry can be 
written without taxing the mind with actually memoriz- 
ing them. Itis, then, necessary only to remember the law 
of the conservation of the elements (Scc. 33), in order to 
know that there must be as many atomic weights of 
each element on one side of the cquation as on the 
other. The requisite number of molecular weights of 
each substance must be taken to produce the above 
equality of atomic weights on each side of the equation, 
and fractional parts of a motecular weight are usually 
avoided. The catimating of the proper number of mole- 
cular weights of cach substance is called balancing the 
equation. Let us take an example: When potassium 
chlorate is heated strongly, it is decomposed into potas- 
sium chloride and oxygen. The formula of potassium 
chlorate is KClOs; that of oxygen Oz, and that of 
potassium chloride KCl. The first attempt at the 
equation is 
KC1IOs—>KC1+0,. 

But there are three atomic weights of oxygen on the left, 
and only two on the right. If 114 molecular weights 
of oxygen were placed on the right, the equation would 
balance thus: 

KCIOs—>KC1+1140,. 
But as fractions are usually avoided, we multiply 
throughout by 2, which gives us the final equation: 

2KCIOsx—>2KC1+30,. 
Several other points should be Roted about equations. 
The method just described of writing equations is merely 
a device to assist the chemist. The real method by 
which an equation is first written is that described 
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for the reaction in which magnesium is burned in air, 
where the quantities of all the substances are determined 
(see page 122). Again, the fact that a balanced equation 
can be written to express a reaction is no indication that 
the reaction will take place. Equations are solely for 
expressing the results of reactions; the equation merely 
expresses the quantitative relations of the substances 
involved, and tells nothing about the conditions under 
which the reaction takes place, such as whether the 
substances were hot or cold, whether in water or in air, 
and whether they were decomposed by electricity, heat, 
or light. 

The following are the equations of some of the more 
important reactions that have been discussed in the 
earlier chapters of this volume; each should be carefully 
studied in relation to the experiment as described in the 
text-book: 

Heating substances in air or oxygen, Chapters 1 and 2; 


3Fe +202—>Fes0,, 

2Zn+ O2—>2Zn0, 

Sn + Oo—>Sn0z, 

2Hg+ O:—>~-2Hg0, 

4P +502.—>2P.0.. 
Preparing oxygen from sodium peroxide (Sec. 15); 

2Na202+2H20—>4 NaOH +02. 

Heating magnesium in nitrogen (Sec. 19); 

3Mg + Nz—>MgsNz. 
Preparing nitrogen from ammonium chloride and 

sodium nitrite (Sec. 20); 
NH,Cl+NaNO.—-NaCl+N2+2H20. 
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Preparation of hydrogen, Chapter 4; 

2Na+2H,0—>H2+2Na0H, 

Mg+H,0 —>MgO+H2. 

3Fe+4H20 —>Fe0.+4H2. 

H2S0.4+Zn —>ZnSOi+ Ho. 

79. Quantitative meaning of equations.— 
2H;+02—»2H120. 

This cquation conveys the following information: (1) 
That 4 grams of hydrogen combine with 32 grams of 
oxygen to produce 36 grams of steam; and (2) that 44.8 
litres (the volume of 2 molecular weights) of hydrogen 
combine with 22.4 litres (the volume of 1 molecular 
weight) of oxygen to produce 36 grams of water, the 
gases being measured at N.T.P. Hence we can say 
that 2 volumes of hydrogen combine with 1 volume of 
oxygen at any temperature and pressure to produce 
water. If the temperature and pressure are such that the 
water appears as steam, the equation tells us that 2 
volumes of hydrogen combine with 1 volume of oxygen 
to produce 2 volumes of steam. A molecular formula, 
accordingly, stands for both a molecular weight and a 
molecular volume, and whichever is more useful for the 
purpose under consideration is selected. 

80. Chemical arithmetic.— 

Example 1. When zinc acts on sulphuric acid to pro- 
duce zine sulphate and hydrogen, the equation for the 
reaction is 

Zn+H:SO.—»>ZnSO.+H2. 


If 12 grams of zinc are used, how many grams of sulphuric 
acid are necessary to act on it completely, what weight of 
zine sulphate is formed, and what volume of hy. 

is liberated, measured at N.T.P.? — 
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Zin + H2S0, > ZnSOy + Wl, 
Ilg= 2g. Zn =65.4 g. 
65.4 g. + (5 =32 g. gives S =32 g.p + 2g. 
Oy = 04 g. Og =04 g.! (22.4 litres? 
Zn HySO, Zn SO,4 IIg 
65.4 g. + 98 g. gives 161.4 g. + 2¢. 


Ist. To find what weight of sulphuric acid is necessary. 
65.4 grams of zinc require 08 grams sulphuric acid. 


12 grams of zinc require 98 grams x2 = 17.98 grams. 


2nd. To find the weight of sinc sulphate produced. 

65.4 grams of zine produce 161.4 grams of zinc sulphate. 
12 
65.4 

Srd. To find the volume of hydrogen at N.T.P. produced. 
65.4 geams of zinc when acting on sulphuric acid produce 22.4 
litres of hydrogen at N.T.P. 


12 grams of zine produce 22.4 litres xe, =4.11 litresat N.T.P. 


Example 2. A balloon of 1,500 litres capacity is filled 
with hydrogen, which has been produced by the action 
of sulphuric acid on zinc. If the hydrogen in the bal- 
loon is at 800 mm. pressure when at a temperature of 
20° C., what weight of zinc was used in generating the 


12 grams of zinc produce 161.4 grams X = 20.61 grams. 


gas? 
At 800 mm. and 20°C. volumecis . . . . . . . . 15001. 
“29 " 8 goo 4 273 800 
760 orc. 1500 x 593 * so" 
= W711. 
From cquation in Example 1 
22.4 1. hydrogen at N.T.P. require . . . . . . 65.4. zine. 
- “ “ “ “ 1471 . 
1711. 05.4048: 


= 4296 g. zinc. 

Example 8. 200 litres of hydrogen are mixed with 150 
litres of oxygen, and the two are exploded. (a) If the 
gases both before and after the explosion are measured 
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at 0° C. and 760 mm. pressure, what volume of gas will 
there be after the explosion? (4) If the gases are meas- 
ured at 100° C. and 760 mm. pressure what volume will 
the gases occupy after the explosion? 
(a) 21l3-+Oz—>211,0. 
AUN.T.P. 2 volumes of hydrogen +1 volume of oxygen pro- 
duce liquid water at N.T.P. 
200 litres of hydrogen +100 litres of oaygen produze liquid 
water. 
So there will be (160 - 100) litres ~ 50 litres of unused oxy- 
gen. 
(8) At 100° C. and 760 mm, 2 vol. of hydrogen +1 vol. ony- 
gen produce 2 vol. stcam. 
At 100° C, and 760 mm. 200 titres of hydrogen + 100 litres 
of oxygen produce 200 litrcs of steam, 
So the gas after explosion will consist of 50 litres of oxygen 
+200 litres of sicam, or a total of 250 litres. 


81. Valency.—The methods of finding the composition 
of pure substances, such as mercuric oxide and mag- 
nesium oxide, have been already studicd (sce See. 35). 
We have also learned how the composition of such 
substances can be represented by formule. In the 
following table the composition of a number of com- 
pounds of hydrogen with another clement are expressed 
by formulz: 


HCl ~—-H0 NH; ch 
HBr HGS PH; SiH. 
HI H:Ca — SbHs 


From the law of combining weights we know that 
35.5 grams of chlorine (Cl), 14 grams of nitrogen (N) or 
12 grams of carbon (C) unite with 1 gram of hydrogen 
(H), or some simple multiple of 1 gram (H, Ha, Hs, ete.): 
but up to the present we have no method of predicting 
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with which multiple of the atomic weight of hydrogen 
one atomic weight of the other elements will combine, 
It will be noticed from the formula before listed that one 
atomic weight of chlorine, bromine, or iodine combines 
with one atomic weight of hydrogen; that one atomic 
weight of oxygen or sulphur combines with tivo atomic 
weights of hydrogen; that one atomic weight of nitrogen, 
phosphorus, arsenic, or antimony combines with three 
atomic weights of hydrogen; and that one atomic weight 
of carbon or silicon combines with four atomic weights 
of hydrogen. The elements can be classified according 
to the number of atomic weights of hydrogen with which 
an atomic weight of each combines. Those, like chlorine, 
bromine, and iodine, that combine with one atomic 
weight of hydrogen are univalent; oxygen and sulphur 
are bivalent; nitrogen, phosphorus, etc., are trivalent; and 
carbon and silicon are guadrivalent. 

To express the number of atomic weights of hydrogen 
that combine with one atomic weight of any clement 
the word valency is used. 

Now there is a very simple natural law connecting 
valency and the proportions in which elements react. 
This can be illustrated by a few examples: If phosphorus 
(trivalent) combines with oxygen (bivalent) it does so in 
the proportion expressed by the formula, P2Os, and it will 
be noticed that the number of atomic weights of each 
element are in the inverse proportion of their valencies. 
Again, antimony (trivalent) combines with chlorine (uni- 
valent) in the proportion expressed by the formula. 
SbCl;, namely 1 to 3, being likewise the inverse pro- 
portion of the valencies, 3 to 1. Further, if calcium 
hydride is converted into calcium oxide, one atomic 
weight of oxygen (bivalent) has replaced two atomic 
weights of hydrogen (univalent), in which again the 
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numbers are in the inverse proportion of the valencies. 
The natural law referred to above may consequently be 
stated as follows: The numbers of atomic weights of elements 
reacting are inversely as their valencies. This law, although 
not so widely applicable as the law of combining weights, 
is very useful as an aid in remembering and even in 
predicting formula: (Sec. 88). 

Although the valency of the clements was stated 
above to be the number of atomic weights of hydrogen 
that combine with one atomic weight of those clements, 
the valency taw just illustrated affords a method of finding 
the valencies of elements that do not combine with 
hydrogen, For example, aluminium, whose hydride is 
difficult to prepare, combines easily with chlorine, forming 
the substance whose formula is AIC. If the proportion 
L to 3 is the inverse ratio of the valencics of aluminium 
and chlorine, and chlorine as defined above is univalent, 
clearly aluminium must be trivalent. 

82. Different valencles of the same element.—The 
law of multiple proportions indicates that two elements 
may combine in different proportions. Sulphur forms 
two oxides whose formulx are SOz and SO. In the firet, 
sulphur is quadrivalent, in the second it is sexivalent. 
Mercury forms two chlorides, HgCl2 and HgCl; as 
chlorine is univatent, mercury is univalent and bivalent. 

In tho table at the top of page 130 is given a list of 
common elements classified according to their valencies. 
Some, it will be seen, have more than one valency and 
are placed in two or more columns. 

83. Determination of valency.—In accordance with 
what has been said above, we may determine experi- 
mentally the valency of an element by finding how it 
combines with or replaces another element whose valency 
is known. The following experiment shows how to find 
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VALENCY OF TIIE ELEMENTS 


7 q- Quadri- | Quinqui- | Sexi. 
Univalent; Bivalent | Trivalent | valent valent | valent 
Bromine {Barium Aluminium |Carbon Antimony |Sulphur 
Chlorine |Catcium [Antimony [Lead Arsenic 


Hydrogen [Copper Arsenic 
lodine Iron Bismuth 
Mercury |Lead Iron 
Potassium| Magnesium} Nitrogen 
Silver Manganese |Phosphorus' 
Sodium = |Mercury 

Oxygen 

Strontium 

[Sulphur 

Tin j 

Zine | 


Manganese|Bismuth 
Sulphur Nitrogen 
Tin Phosphorus| 


the valency of zine and other metals. If apparatus is 
prepared like that illustrated in Figure 30, a metal may 
be placed in the test-tube, and by adding a suitable 
acid, the hydrogen that is liberated can be collected in the 
bottle and its volume readily measured. Suppose we put 
1.04 grams of zinc into the test-tube. The volume of gas 
collected in the bottle is 387.40 c.c. measured at 20° C. and 
750 mm. pressure. The volume of hydrogen liberated from 
the acid by the zinc was 387.40 c.c.; for, though the test- 
tube and connections were full of air at the beginning and 
are now filled with hydrogen, the volume of gas in the 
bottle measures the increase in the total volume of gas, 
and this increase was entirely due to the generation of the 
hydrogen; thus 

1.04 grams of zine displace 387.40 c.c. of hydrogen at 

20° C. and 750 mm. 


1.04 grams of zinc displace 387.40 c.c.x 
drogen at N.T.P. 


273750 


273 { hy 
203°760 ° 
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273. -750_ 65.4 


05.4 grams of zine displace 387-4 €.¢.X 593% 750% 104” 


22400 c.c., ; 
or L atomic weight of zine displaces 2 atomic weights of 
hydrogen, for 22400 c.c. is 22.4 litres, which is the 
volume of 2 grams of hydrogen. Therefore zinc 3s 
bivalent. 


Fra. D—Arrssarys roe jane ‘Voathes ov ilyeeocen Druruace> ay 
per 


84, Radicles.—Sulphurie acid, when copper is added 
to it, produccs copper sulphate. When thisis acted on by 
calcium chloride a white precipitate of calcium sulphate is 


132 CHEMISTRY 


produced; and, if some of this is dissolved in water and 
strontium chloride is added to it, a precipitate of strontium 
sulphate is formed, which, when dissolved in water, gives 
a precipitate of barium sulphate on the addition of 
barium chloride. Let us write down the formule of 
the substances formed in this series of reactions: 

sulphuric acid H2SQ,, 

copper sulphate CuSQ,, 

calcium sulphate CaSOu, 

strontium sulphate SrSO,, 

barium sulphate BaSO,. 
It will be noted that the two constituents,sulphur and oxy- 
gen, in exactly the same proportion (32 grams of sulphur 
to 64 grams of oxygen), expressed by the symbols SQ,, 
are present in sulphuric acid and in each of the sulphates 
in the four successive reactions. Such a group of elements 
that is present in a number of compounds and that passes 
through a number of reactions is called a radicle. Nitric 
acid, HNOs, phosphoric acid, HsPQ,, carbonic acid, 
H2COs3, and potassium hydroxide, KOH, all have 
radicles, which are respectively NO3, PO., COs, and OH. 
The foregoing radicles are each given a special name; 
SO, is the sulphate radicle; NOs the nitrate radicle; 
COs the carbonate radicle; and OH the hydroxyl radicle. 
Valencies may be assigned to the radicles as well as to 
the elements, and the formula above will indicate clearly 
what the valency is for each. In HNOs the radicle NOs 
is combined with one atomic weight of hydrogen, and so 
it is univalent; SO, and CO3 are bivalent, as they are each 
combined with two atomic weights of hydrogen; POs is 
trivalent, and OH is univalent, as it is combined with an 
atomic weight of potassium, a univalent clement. In the 
game way, the valency of other radicles can usually be 
determined by an inspection of formulz containing them. 
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In writing formulz containing radicles, it is well to 
express the formul:e go as to show at a glance the presence 
of the radicle. In calcium nitrate, calcium being bivalent, 
one atomic weight of it combines with two NOs radicles, 
so that the formula would be CaNz0s; but to indicate 
clearly the presence of the radicle we always write 
it Ca(NQs)z2, The formula of aluminium nitrate is 
AL(NOs)s; of tin hydroxide Sn(OH)s, not SnOws. 


85. Nomenclature.— 

“Every physical science is formed, necessarily, of three things: 
the sctics of facts which constitute the ucience, the idcas which 
recall, and the words which express these facts. The word 
ought to call forth the idea, the ica depict the fact; they are 
Uhree impressions of the same acal." 

—Antoine Laurent Lavoisier, 1787 

Up to the time when the great Lavoisier wrote the 

above words, the naming of substances was unsystem- 
atic and often whimsical; frequently the names conveyed 
no indication of the composition or the relationship of 
the substances. Mercuric oxide was called mercurius 
calcinatus per se, if formed by heating mercury, and red 
precipitate, if formed by acting on mercury with nitric 
acid: such names as vilriolated tartar, flowers of sinc, 
diaphoretic antimony, dephlogisticated air, and aethiops per 
se adorned the pages of the books on chemistry; and, as 
new substances were continually being discovered, the 
names soon became a serious tax on the memory. To 
provide suitably for the requirements of chemistry as he 
defines them above, Lavoisier originated a scientific no- 
menclature, which forms the basis of the one we now use, 
According to our present system, every substance 
composed of only two elements has a name ending in -ide, 
and this name is composed of the names of the two 
elements, the name of the metal being placed first and 
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the second name being generally shortened: HgO, for 
example, is mercury oxide; PHs is hydrogen phosphide; 
and CuS is copper sulphide. Where an element has two 
valencies, it will frequently unite in two proportions 
with another element; then it has the sufMix -ous in the 
substance in which it has the lower valency, but -ic in 
the one in which it has the higher valency: Mercury, for 
example, forms two chlorides, HgCl and HgCh; the first 
is mercurous chloride, the second is mercuric chloride; 
As203 is arsenions oxide, and As2Os is arsenic oxide. 
Frequently such substances are named in a different 
way and without much regularity; in such cases the 
names have to be memorized: CO and COQz, for example, 
are usually called carbon monoxide and carbon dioxide, 
not carbonous oxide and carbonic oxide; but the excep- 
tions to the general rule are usually confined to the 
oxides and will not be difficult to master. 

86. Naming of oxygen acids,—All acids contain 
hydrogen, and most of those used in elementary 
chemistry contain oxygen and a third element, which 
varies in the different acids. These oxygen acids, as they 
are called, are usually in sets, each containing the three 
elements, and in each set only the amounts of oxygen 
vary. Here is one set: 

HCO, 

HCI10,, 

HCI10Os, 

HCIQ,. 
Now in such a set the most common one, or the one first 
discovered—in this case HCIO;—is called chloric acid, 
this being the name of the distinguishing element, 
chlorine, (oxygen and hydrogen are common to all 
these acids) followed by the suffix -ic; and the names of 
all the members of the set are as follows: 
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HClO Aypo-chlor-ous acid, 

HCIO; chtor-ous acid, 

HC{0s chlor-i¢ acid, 

HC1Oq per-chlor-ée acid. 
For any other similar sct of acids the syllable chlor has 
merely to be replaced by the suitable word depending on 
the charaeteristic element of the ect. In every such set 
each member has one atomic weight of oxygen more 
than the one immediately preceding. If, accordingly. 
we know which member of the series is the -ic acid, 
the names of the others may be ascertained readily on 
reference to the names in the sct. Now the names of 
the -i¢ acids in question are as follows: 


chloric acid HCIO). 
nitric acid HNOs, 
carbonic acta H;COs, 
sulphuric acid H2SQ,, 
phosphoric avid HaPO,. 


The names and formule of these should be committed 
to memory, and then the formule of any other members 
of the ects can be at once written, and, on the other 
hand, if the formuta is given, the acid can be named. 

If the pupil is required to give a name to the acid 
whose formula ix H,’O2, he writes first the formula of 
the corresponding -i¢ acid, which is H3PO,, and second- 
ly the other members of the ect, until the required mem- 
ber is reached. H3PO3 is phosphorous acid, and HsPO, 
is hypophosphorous acid, the name required. 

If the pupil is required to write the formula of a sub- 
stance whose name is nitrous acid, he proceeds in a 
similar manner: Nitric acid is HNO3: the next in the 
series is nitrous acid, whose formula is HNO}.. hence to 
Sie the name or the formula always begin with the -ic 
atid. 
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87. Naming salte of oxygen acids.—All the foregoing 
oxygen acids form salts by replacing the hydrogen with 
a metal. The salt is named by changing the suffix of 
the name of the acid from -ous to -ife and from -i¢ to -ate, 
and prefixing to it the name of the metal that replaces 
the hydrogen. Examples are given in the following table: 


Formula 
Name of acid of salt 


Formula 


of acid Name of ealt 


Ilypochtorous Acid | KCIO  |Potassium hypochlorite 


1IClo 

HClO, § |Chlorous Acid KCIOg |Potassium chtorite 
HCW, = |Chloric Acid KC103 |Potassium chlorate 
IECIOg [Perehloric Acid KCI0, [Potassium perchlorate _ 


The only parts that are changed in the above list are 
those printed in italics. It is, accordingly, a very simple 
matter to name a salt, when the name of the correspond- 
ing acid is known. 

88. Writing formule when the names of the sub- 
atances are known.—If the valencies of all the elements 
and the names of the -ic acids are memorized, the formule 
of almost any substance used in elementary chemistry 
can be written. 

In the following formule P’”Cl,’, Al,’”0;”", Nay’ 
(SO), Cag"(PO,)2’”, the valency of the elements and 
radicles involved are indicated by accents placed above 
the symbols, Na’ indicating that sodium is univalent, 
Ca” that calcium is bivalent, etc. It will also be noticed, 
that in each of the formule the numbers indicating the 
valencies are inversely proportional to the number of the 
atomic weights of the elements or the number of the 
radicles; this rule is true generally. In phosphorus 
hydride, for example, the valency of phosphorus is 3, and 
the valency of hydrogen is 1, and the inverse ratio is 1 to 
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3; hence the formula is PH. Suppose, again, we wish to 
write the formula for aluminium carbide. We write first 
the two symbols together, and place the valency above 
each thus, AUC", Now, since the number of atomic 
weights is in the inverse ratio, the formula is AC). 
Again, what is the formula of stannic sulphate? Tin in 
stannic compounds is quadrivalent, and the sulphate 
radicle is bivalent. We write the symbols first with the 
valencics above them thus, Sn’”’”"(SO,)".. The index num- 
bers below will be in the inverse ratio to the valency 
numbers, hence they will be as 2 is to 4: the formula will, 
accordingly, be Sn2(SO,)a, or more simply Sn(SO4)2. In 
a similar manner, with a knowledge of the valencics the 
formulze of almost all the substances met with in clemen- 
tary chemistry can be determined. 

What, now, is the formula of calcium phosphite? Since 
the name of this salt ends in -ife, it i8.a salt of phosphorous 
acid. Phosphoric acid is H3POs; phosphorous acid, is, there- 
fure, HaPO3. Since thehydrogenisreplacedincalcium phos- 
phite by calcium, which is bivatent, the three atomic 
weights of hydrogen will be replaced by one and one- 
half atomic weights of calcium, thus, Cay;PO3; which 
when multiplied through by 2 to clear it of fractions 
gives Ca(POs)2. 

89. Hydroxldes,—The hydroxides may be considered 
derivatives of water which, when written HOH, can be 
called hydrogen hydroxide. The hydroxides are derived 
from water by replacing one of the atumic weights of 
hydrogen in cach molccular weight by another element. 
Thus KOH is potassium hydroxide; NaOH is sodium 
hydroxide; and AW(OW)s is aluminium hydroxide. Accord- 
ingly, by replacing one atomic weight of hydrogen in cach 
molecular weight of water by another element the 
formula of any hydroxide may be written, 
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QUESTIONS \." 


1 

1. Zn +H2S0,—>ZnS0, +H. 

What weight of zinc can be dissolved in 10 grams of eulphune 
acid? How much zine sulphate will be formed? What weight 
of hydrogen is produced and what volume docs it occupy at N.T.P.? 

2. How many litres of hydrogen measured at N.T.P. can be 
obtained when 8 grams of iron are acted on by sulphuric acid? 

Fe +H SO,—>FeSO, + Hp. 

3. The following weighings were made when crystale of barium 
chloride were heated in a crucible: Weight of empty crucible 
40.7447 grams; weight of crucible + crystals before heating 
43.7567 grams; weight of crucible + white powder after heating 
43.3130 grams. If the equation representing the reaction is 
BaCly. x1lzO—>BaClg + xH,0, find the value of x. 

jf “4. 10.109 grams of cadmium release from an acid 24.4 ¢.c. 
pd of hydrogen at 20° C. and 740 mm. pressure and the atomic 


{weight of cadmium is 112.4, what is the valency of cadmium? 


1 §. If 0.203 grams of magnesium liberate 105.5 c.c. of hydrogen at 


‘13° C. and 760 mm., and if 0.600 grams of zinc liberate 183 c.c. at 
IS 9° C, and 748 mm. pressure, find the valencies of these two 
" elements (Mg @ 24.4, Zn = 65.4). 
6. Explain how the weight of hydrogen displaced by a known 
Mm weight of metal may be found without actually weighing the 
hydrogen. 

7. Write names for the substances represented by the following 
formulz: KCl, NagO, NH3, P203, P20;, CuS, CuBr:, CuBr, H20. 

8. Write formule for the following substances: sodium chlo- 
ride, calcium bromide, aluminium oxide, mercuric iodide, mer- 
curous iodide, silver sulphide, magnesium nitride (nitrogen is 
trivalent), antimonious chloride, antimonic chloride. 

9. Write names for the substances represented by the following 
formula: K2S04, NaClO, HgP03, Zn(OH)g, AIPO,. Mg50s. 
Ca(ClO3)2, NazCO3, Sn(OH)4, HCIO, Ca(ClO4)3. 

10. Write formule for the following substances: magnesium 
sulphate, calcium nitrate, eodium hypochlorite, calcium hy pophos- 
phite, potassium perchlorate, calcium hydroxide, nitrous acid. 


CHAPTER X 
THE ATOMIC AND MOLECULAR THEORIES 


9. Hypothesis and theory.— 


“One-story intellects, two-story intellects, three-story intel- 
fects with akylighte. All fact-colicctors, who have no aim 
Leyond their facts, are one-story men. Two-story men com: 
pare, reason, generalize, using Ube labours of the fact<ol- 
Icctors as well as theic own. Three-story men idealize, imagine, 
peedict; their beat illumination comes from above, through 
tbe skylight.” —Oliver Wendell Holmes 


We have stated some of the quantitative principles of 
chemistry—the law of the conservation of mass, the law 
of the conservation of the elements, the law of definite 
proportions, the law of multiple proportions, Gay-Lus- 
sac's law of volumes, and finally the remarkable law 
of combining weights. The questions naturally rise in 
everybody's mind: What is the explanation of all these 
laws? What is the cause of this remarkable behaviour of 
matter when it andergocs chemical change? When the 
facts have been discovered and such questions arise, the 
ecientist endeavours to construct by means of the imagin- 
ation a picture representing matter at work, and to sec 
if, from his imaginary picture, he can deduce the facts. 

An assumed explanation of facts is called an hypothe- 
sis; and if by the hypothesis one is able, as time Passes, 
t explain and unify many of the facts, it becomes Ss 
theory. The two terms, however, are used somewhat 
loosely by scientists. 

9 
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91. The Atomic theory.— 

“The hypothesis known ae Dalton's atomic theory may be 
said to have become one of the most important foundation 
stones of the science, and to have exerted an influence on its 
progress greater than that of any other gencralization, with, 
perhaps, the single exception of Lavoisicr’s explanation of 
the phenomena of combustion and the discovery of the in- 
destructibility of matter.” —Sir Henry Enfield Roscoe 
In 1803-4, John Dalton, the famous discoverer of the 

laws of definite and of multiple proportions, formulated 
the atomic theory, which offered a simple explanation of 
the fundamental chemical laws. Instead of giving his 
picture of matter at work, the theory will be more 
easily understood if we present it as it stands to-day; for 
some additions and modifications of the theory, as 
enunciated by Dalton, have since been necessary, in 
order to bring it into harmony with all the known facts. 
All pure substances are pictured as being made of little 
particles called molecules. The molecules of each sub- 
stance are of the same weight, but the molecules of differ- 
ent substances differ in weight. Thus the molecules of 
hydrogen are all of exactly the same kind and weight, 
but are different in kind and weight from the molc- 
cules of water, which again are all of the same kind and 
weight. These molecules are the smallest existing par- 
ticles of any substance. If the molecule is divided, the 
pure substance disappears and other pure substances are 
formed. Again, each molecule of an clement is composed 
of still smaller particles called atoms. These atoms in the 
molecule of an element are all of the same kind and 
weight; but the atoms of the different elements are of 
different kinds and weights. There are thus about cighty 
different kinds of atoms, corresponding to the number 
of the different elements. The molecules of compound 
substances are composed of these same elementary 
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atoms; but the atoms in the motccule of a compound 
are always of two or more kinds, corresponding to the 
number of its clementary constituents. These atoms, 
even in an clement, do not usually exist alone, but 
generally several are combined to form a molecule. | As 
all the molecules of a substance have the same weight, 
they are each considered to be composed of exactly 
the same number and of the same kinds of atoms. The 
number of atoms in a molecule is usually quite small; 
thus the molecute of oxygen is composed of two atoms 
of oxygen; that of water of one atom of oxygen and 
two atoms of hydrogen. As the atoms pass from mole- 
cule to molecule in a chemical reaction, they always 
retain the same weight. 

Dalton was not the originator of the idea that the atoms 
are not in immediate contact, but that there are spaces 
between them. Some of the Greek scholars, who lived 
in the very infancy of civilization, had put forth this 
doctrine. The idea was revived in modern times, and both 
Sir Isaac Newton and Sir Robert Boyle accepted the 
theory of atoms. Dalton, however, by giving it a quan- 
titative significance, nade it 60 powerful in the hands of 
chemists that, as the quotation at the beginning of the 
section indicates, more of the discoverics of modern 
chemistry are attributable (0 it than toany other cause. 

92. Its explanation of the chemical laws.— 

“We have not yet any theory sufficiently developed which 
can explain all the facts of chemistry as simply and as con. 
slsently as the atomic theory developed in modern chemistry.” 

—H. L. F. Helmholtz 

When two substances react to form other substances, 
they merely exchange their atoms; there is no lous in the 
number of atoms, but merely a change in their distribu- 
tion. There will be, therefore, no change in total weight, 
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as stated in the law of the conservation of weight. Again, 
when the atoms of the elements pass from one substance 
into another, there can be no permanent toss of any 
part of an clement, as there is merely an exchange 
among the substances, and the atoms that unite to form 
a substance can always be obtained from that substance 
again. This explains why the elements are conserved 
as stated in the law of the conservation of the clements. 

When atoms of different elements combine to form a 
molecule of a substance, they usually unite in small 
numbers. In mercury oxide, one atom of mercury unites 
with one atom of oxygen. Now as every atom of anele- 
ment has the same weight, the proportion of oxygen to 
mercury in mercury oxide must always be the same as 
the relative weights of their atoms. The pure substance, 
water, is composed of molecules, each of which contains 
two atoms of hydrogen and one atom of oxygen. The 
proportions of these two elements in water will, therefore, 
always be constant; and a large number of experiments 
have justified chemists in concluding that what is true of 
these two substances is equally true of all substances. Thus 
the atomic theory explains the law of definite proportions. 

Carbon monoxide and carbon dioxide are both com- 
posed of the same elements, carbon and oxygen. 
The molecule of the former contains one atom of carbon 
and one atom of oxygen; while that of the latter contains 
one atom of carbon and two atoms of oxygen: that is, the 
amounts of oxygen combined with one atom of carbon 
in two substances are as one to two, or simple multiples 
of each other. In all sets of substances, each of which 
contains the same elements, a like arrangement obtains. 
For, if we consider the simplest molecule of a compound, 
which is a member of a set, to be composed of one or 
two atoms of each of its constituents, then the other 
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molecules of the set must be formed by adding one, two, 
or some other small number of atoms to this simpicst 
molecule. For example, nitrogen and oxygen forin five 
oxides, whose molecules have the composition shown in 
the following table: 


No. Ratio of 
Nitrogen oxygen No. of 
atoms atoms atoms 


Niteic oxide . 
Nitrogen trioxide. . 
Nitrogen peroxide. 
Nitcogen pentoxide. 


The last column io this table shows that the num- 
bers of atoms of oxygen that unite with a fixed number of 
atoms of nitrogen—two in this case—bear a simple ratio 
to one another, namely, 1:2:3:4:5. As these atoms of 
nitrogen are all of cqual weight, the amounts of oxy- 
gen that unite with o fixed quantity of nitrogen are 
simple multiples of one another. The same is true of 
all such sets of compounds. This is the law of multiple 
proportion. 

Substances react molecule with molecule, or two mole- 
cules of one with one molecule of the other, or in some 
such simple proportion. If we were to sct down the weights 
of the molecules of all substances, the substances react in 
the proportion of these weights when they react mole- 
cule with molccule; or in the proportion of simple multi- 
ples of these weights when several molecules of one 
substance react with one or more molccules of another. 
This is the laio of combining weights, and it is evident 
how admirably it is explaincd by the molecular theory. 
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93. Avogadro's hypothesis and Gay-Luasac’s law 
of volumes.— 

“‘Avogadro’s hypothesis has proved to be one of the most 
suggestive and fruitful hypotheses in the development of 
chemistry. It has correlated what appeared antagonistic 
and contradictory, it has harmonized what scemed discord- 
ant and confused, and has made Dalton’s atomic hypothesis 


a clear, intelligent, ani fertile theory.” 
—Charles Adolphe Wurtz, 1878 


In Section 55 we saw that, according to Avogadro's 
hypothesis, equal volumes of all gases, at the same tem- 
perature and pressure, contain equal numbers of mole- 
cules. And in Section 92 we saw, also, that when two 
substances react, they react molecule with molecule, or 
the number of molecules that react is always small. 
Accordingly, if they react molecule with molecule, they 
must react in equal volumes. If, also, one molecule of 
one reacts with two molecules of another, one litre of one 
reacts with two litres of the other, as a litre of each gas 
contains the same number of molecules. Hence gases 
react in equal volumes, or in volumes having a simple pro- 
portion, and this is Gay-Lussac's law of combining volumes. 

We have thus started with the imaginary picture of 
the working of matter as presented by the atomic and 
molecular theories, and have found that all of the great 
quantitative laws of chemistry can be deduced there- 
from. Experiment also proves that the deduced laws 
are in accordance with facts, and this is the great test 
of an hypothesis. No better example can be given of 
the value of a theory thus treated than that of the 
atomic theory; for many of the great facts of chemistry 
which have been discovered since this theory was enun- 
ciated, have been first deduced from this theory, and 
only afterwards proved experimentally. 
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94. Molecular welghts and atomic weighte.—It 
is quite impossible to weigh a molecule, for it is $0 small 
that it would fail to turn the most delicate balance. 
even if we were able to isolate a single one in order to 
place it on the pan. But while we cannot weigh a 
single molecule, it is possible to find the relative 
weights of different molecules. According to Avogadro's 
hypothesis a litre of hydrogen, a litre of oxygen, and a 
litre of carbon dioxide all contain equal numbers of molc- 
cules. If we weigh a litre of cach, the weights thus 
obtained will bear the same proportion to one another 
as the weights of the single molecules. It is not, however, 
necessary to weigh a litre of cach, for any equal volumes 
will give the relative weights of the molecules. Earlier 
in this volume the weights of 22.4 litres of all gascs at 
N.T.P. have been called the molecular weights: for 


example: 
22.4 litres of oxygen at N.T.P. weigh 32 grams 
22.4“ “ hydrogen a an 2grams 
22.4“ * carbon dioxide “ “44 grams 
22.4 “ “ ammonia a “17 grams. 


These are the results obtained by weighing cqual 
volumes—22.4 litres—of cach gas. The relative weights 
of the molecules are therefore 32, 2, 44, 17. These 
numbers, expressed in grams, we have called the mole- 
cular weights, but these numbers also express the 
relative weights of the molecules, and that is the reason 
they were primarily called molecular weights. 

We have now given two meanings to the term molecular 
weight. Theoretically it means the relative weight of 
the molecule to that of oxygen which is taken as 32: and 
experimentally it means the weight of 22.4 litres of a gas 
N.T.P. The latter, which we have called the mole- 
cular weight, is frequently called the tram = molecular 
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weight or molar weight, the former being used for the 
relative weights of the molccules. We will, however, 
continue to use the term, gram molecular weight, to 
signify the weight of 22.4 litres of the gas at N.T.P., and 
also the relative weights of the molecules when com- 
pared with that of oxygen taken as 32. 

The smallest weight of an clement which occurs in a 
gram molecular weight of a substance has been called 
its atomie weight. The smallest amount of an element 
which occurs in any molecule of a substance is an atom. 
These same numbers, then, which we have called atomic 
weights, express the relative weights of the atoms. 
Thus the term atomic weight also has a theoretical as 
well as an experimental significance. Hence the symbol 
of an element can be considered to stand for an atom of 
the element. In studying formula and equations the 
pupil should never forget the double significance of the 
symbols and formule, and should be prepared to 
interpret them either in terms of the atomic theory or 
in terms of their quantitative experimental value. 

Many other phenomena admit of explanation in terms 
of the atomic theory, and such explanation will be given 
when the phenomena are being described. 

95. Recent discoveries regarding the structure of 
matter.—The law of the conservation of the elements 
had long seemed:to be one of the best established laws 
of chemistry (Sec. 33). The early alchemists did not 
recognize its validity and were ceaselessly endeavouring, 
always without success, to find a way by which the baser 
metals, such as Iead, could be converted into silver and 
gold. Within recent years, however, some most remark- 
able substances have been discovered; and a careful study 
of them has weakened our belief in the law of the conserva- 
tion of the elements. Indeed, the dream of the alchemists 
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seems about to be realized, but in a way of which they 
did not dream. One of the most remarkable of these new 
substances is radium. It is difficult to procure, 13 many 
times as valuable as gold, and has remarkable electrical 
properties. It has all the characteristics of an clement; 
its atomic weight is known, its valency, its physical and 
chemical propertics; and its salts have been studicd. Yet 
it continually gives off a gas called sifon, which also is 
considered an clement. This action is not an ordinary 
chemical change; for it is not affected by heat or con- 
centration, nor can the rate of reaction be increased nor 
decreased. And not only niton but also Aelinm is a pro- 
duct of the disintegration of radium, and there is some 
ground for belicving that lead is also a product of the 
disintegration of the same substance. 

Sir William Ramsay has contributed an important 

experiment which affords additional grounds for belief 
in the transmutation of the elements. He sealed cop- 
per nitrate in a glass tube with niton, and in time the 
metal lithium was detected in the tube, though the 
Greatest precautions had been taken to sce that no 
lithium was allowed to enter. Some chemists now 
believe that, under the influence of the niton, the cop- 
per was transmuted into lithium. And other carcful 
experiments give some ground for belicving that car- 
bon can be produced from lead, and that hydrogen can 
be built up into neon and helium, two of the rarer 
clements. 
. Thus it appears that there are some reasons for believ- 
ing that the atom itself is capable of being decomposed. 
We may, therefore, took forward to a new era in the 
study of science, when a new kind of change, perhaps 
neither physical nor chemical, will allow one clement 
to be transmuted into another. 
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QUESTIONS 


1. State the chief terms of Dalton’s atomic theory, and of the 
motecular theory. 


2. State the facts which the atomic theory attempts to explain. 

3. HCl is the formula for hydrogen chloride. State the theoretical 
and experimental significance of the formula, Which is more use- 
ful in solving quantitative problems? 

4. The formula for oxygen is Oz, for ozone O3. Both are gases. 
Suggest how these formule can be experimentally obtained. Give 
an explanation of the change of oxygen into ozone, in terms of 
tbe atomic theory. 

5. 203 —> 302 is the cquation representing the conversion 
of ozone into oxygen. When one litre of ozone is converted into 
oxygen, what volume of oxygen is produced? Explain this in terms 
of Avogadro's hypothesis, 

6. Explain in terms of the atomic and molecular theories 
whot happens when potassium chlorate is heated. 

7. Deduce the law of combining weights from the atomic 
theory. 

8. Explain the difference between univalent, bivalent, trivalent, 
ete., clements, in terms of the atomic theory. 

9. What is the difference between an atom and a molecule? 
Is it correct to speak of an atom of hydrogen, an atom of water, 
a molecule of oxygen, an atom of sulphur, a molecilc of air, an 
atom of mercury oxide, a molecule of brine? 


CHAPTER XI 
COMMON SALT AND ITS PRODUCTS 


COMMON SALT 


96. Occurrence.—Common salt is by far the most 
abundant of all the soluble salts. It is found in the 
greatest quantities in the oceans, where every gallen of 
water contains one quarter of a pound of salt. Besides 
this, salt is found in great beds in the crust of the earth, 
which are undoubtedly composed of the salts deposited 
from seas now dricd up. One of these salt beds was 
laid down millions of years ago in Western Ontario and 
the adjoining part of Michigan, and when the super- 
imposed rocks are drilled through, the salt beds are 
penetrated. At Goderich, Sarnia, Windsor, and neigh- 
bouring towns, much salt is mined in this way. 

97. Physical properties.—When a single grain of 
common salt is examined, it is found to have the form of 
a little cube more or less perfect. It is quite trans- 
parent, but when the crystals are scen in mass the salt 
appeara white. !t3 taste is well known. It dissolves 
in water, the solution being called brine. Its solubility is 
about the eame in hot and cold water, as can be learned 
from a study of Figure 20, 100 c.c. of water dissolving 
about 37 grams of the salt. When heated intensely it 
melts without any chemical change. Ordinary salt also 
becomes damp in humid weather, for magnesium chloride, 
an impurity in it, is deliquescent. 

wo 
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98. Chemical properties.— When common salt Feacts 
with sulphuric or phosphoric acid, a suffocating gas is 
produced called hydrogen chloride: 

H2SO.+NaCt->NaHSO4+HCl. 
If silver nitrate is added to brine, a white precipitate of 
silver chloride is produced, and this precipitate is soluble 
in ammonia, but insoluble in nitric acid. If a solution of 


Fic. 31.—Sgcrion Trurmovcn Sart Wein at cert. Eguirwext Fron 
EVAPORATING TUK BRINE AT THE RIGHT 


The coarsely stippled layer. layer repsceent ts drift; the he finely: stippled layers. alt beds; on 
the the wavy lined "Imenose. A. Casing through which water is 

acd by bipe th ree? which the brins ls pumped up. F. Cavi 

alt Sr bed containing ine. H. Settling tank. J Sicam chest with vet 


tubes (K) running 
N. Tube bringing stcam to stcam chest. P. Pi By which brine Is led from tbs 
settling tank (H) to the eva) tore. == R. Tube through which deposited malt 
Ja removed. U, Pipe carry the steam from onc cvaporator to the beat 
in the eerics, V. Condenecr. X. Pipe Icading to alr-pump. 


common salt is placed in an evaporating dish, and a 
colourless flame is brought down on its surface, the 
reflected flame is coloured intensely yellow. These hast 
two chemical properties are distinguishing tests of com- 
mon salt, but usually its taste alone will distinguish it 
from every other substance. 
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99. Commercial importance. — Common sult is 
called rock-salt by miners, te by mincratogists, sexli- 
um chloride by chemists, and ordinarily just “galt”. 
Large quantities of it are used for preserving meats and 
as food for man and beast, and in the manufacture of 
other chemicals, such as washing-soda, baking-soda, and 
bleaching-powder. It is also much used as a fertilizer. 
In warm countrics the, sun's rays are used to prepare it 
by evaporation from sca-water. In Germany and Aus- 
tria it is mined by sinking a shafe to the salt beds. In 
Canada and the United States a hole about cight inches 
in diameter is drilled to the salt bed, and water is run into 
the hole. When it has dissolved the salt, it is pumped 
up and evaporated in shallow pans heated by furnaces. 
As the salt is deposited in the pans it is raked out and 
allowed to drain. A process more perfect than this is 
being introduced gand is now in operation at Windsor, 
where the largest salt-producing plant in Canada is 
located. The water is forced down an outer tube (Fig. 
31, A), and the brine is forced up an inner tube (E) into 
a settling tank (II). It is then passed into a succession 
of cylindrical tanks, where it is warmed by steam enter- 
ing at (N). The space in the tank above the brine is 
kept exhausted by an air-pump, and thus evaporation 
takes place very rapidly, The sale is precipitated and 
collected through the pipe (R). Nearly half a million 
dollars’ worth of salt is produced in Ontario every year. 


HIYDROGEN CHLORIDE 
Lethaia LLL d 


100. Hietory.— Glauber Prepared this gas in 1648, much 
as it is prepared at the present day, but he did not know 
how to collect it. This was accomplished by Pricatley, 
who discovered the mezho! -f cellecting gases over 
mercury. 
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For a time a controversy raged over the composition of this 
gas. Lavoisier and his fellow French chemists believed 
that it contained oxygen; but Sir Humphrey Davy finally 
settled the dispute in 1810 by proving conclusively by 

, experiment that it contains 
only hydrogen and chlorine. 

101. Preparation. — In 
the laboratory it is usually 
Prepared through theaction 
of strong sulphuric acid on 
common salt. The salt is 
placed in a flask (Fig. 32), 
and sulphuric acid is added 
through a thistle-tube. As 
the gas is heavy and very 
soluble, it is best collected 
= by displatement of the air, 
Fic. 32.—Arranatus ron Panranationor aS represented in the Figure. 

pirpsoces Coronas The usual reaction is ex- 
Oe Ratton thee Fr Candbaned coves pressed by the following 
ing bottte Ja which gas Is collected. : 
equation; 

H2S0,+NaCl—»> NaHSO,+HCl. 
But if the mixture is intensely heated, a further reaction 
takes place: 

NaHSO,+NaCl—-NazSOQ.+HCl. 
Any other metallic chloride could be used, but as sodium 
chloride is much the cheapest, the gas is always pre- 
pared in the laboratory and commercially from the 
two substances just mentioned. 

102. Properties.—Hydrogen chloride is composed of 
chlorine and hydrogen in the proportion of 35.5 to 1, and 
22.4 litres of it at N.T.P. weigh 36.5 grams; therefore its 
formula is HCl. It has a very irritating smell and 
injures the throat and lungs if inhaled. When it comes 
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in contact with moist air the moisture is condensed 
into a cloud. It dissolves with avidity in water, 1 ¢.c. 
of water at 0°C. dissolving more than 500 c.c. of the gas. 
If a dilute solution of the gas is boiled, it gives off a 
mixture containing a larger proportion of water than 
the solution contains; and if a concentrated solution is 
boiled, it gives off a mixture containing a smaller pro- 
portion of water than the solution contains. If the 
boiling of both the dilute and the concentrated solution 
is continued, the former will become more concentrated 
and the latter more dilute, until they finally reach the 
same composition, each having 20 per cent. of hydrogen 
chloride. If the boiling of cither iscontinucd still further, 
the liquid remains unchanged in composition, the hydro- 
gen chloride and water being driven off in the proportions 
in which they are present in the liquid. It is thus impos- 
sible to separate, the hydrogen chloride and water by 
boiling. 

The dry gas docs not act on litmus, marble, or zinc. 
If, however, it is passed over sodium in a combustion tube, 
as in Figure 33, it reacts readily with the sodium. The 
sodium is placed in the bulb (H), and the hydrogen 
chloride generated in the usual way. The gas is passed 
through a U-tube containing lumps of pumice-stone (F), 
soaked in sulphuric acid in order to dry it, and it is then 
passed over the sodium. When the air has all been 
expelled from the apparatus, the sodium is ignited; 
as soon as it begins to burn a blazing sptint is put to 
the jet attached to the end of the combustion tube, and 
the escaping nydrogen ignites. If preferred, the hydrogen 
may be collected over water. This experiment proves that 
the hydrogen chloride contains hydrogen. If the substanee 
in the bulb is tasted, it is found to be sodium chloride. 
The following equation represents the reaction: 
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2Na+2HCl—>2NaCl+H. 

Potassium and magnesium also burn in hydrogen 
chloride with the liberation of hydrogen. If the gas 
mixed with oxygen is passed through a combustion 
tube containing lumps of pumice-stone soaked with a 
solution of copper chloride, a coloured gas issues from 
the tube, which must have come from the hydrogen 
chloride, as the copper chloride is unchanged. This gas 
is chlorine. The oxygen unites with the hydrogen of the 
gas. The equation representing the reaction is as follows: 


4HCI+0,—>2H,0+42Cl). 

Thus it can be 
proved that 
hydrogen 
chloride — con- 
tains both hy- 
drogen and 
chlorine. 

103. Pro- 
perties of hy- 
drochloric 
acid.—< solu: 
tion of hydro- 
gen chloride in 
water is called 


Fic. 33.—Arraratus To snow THAT Hyprocax CuLoriwi -. 

CONTALSS IlyDROGEX AND CiLomINe hyd rochloric 
A. Hydrogen chloride generator. EE. Athestos sheet. . , 
eR Gabe containing pumicestone roaked with sul acid,and some 


phuric acid. 11. Bulb-tube containing sodium. times muriatic 


acid. It turns blue litmus red and acts on zinc, liberating 
hydrogen; it also acts quite readily on magnesium, iron, 
and aluminium: 

Zn4+2HCl—>ZnC 134-12. 


In cach case it forms the chloride of the metal. I 
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also acts on marble or other carbonates, liberating car- 
bon dioxide and forming the chlorides of the metals. 
An alcoholic solution of the gas is also an acid, having 
properties similar to those just mentioned, but when 
it is dissolved in benzine, kerosene, or toluene, it acts 
quite differently, for the solution has no effect on litmus, 
zinc, or marble. . 

104. Commercial Importance.—Large quantitics of 
this acid are prepared as a by-product in the manufacture 
of soda. At first in the manufacture of soda this gas was 
allowed to escape into the air, but it is'so destructive 
to vegetation that the whole neighbourhood for miles 
around was turned into a desert. Manufacturers were 
then compelled by law to collect the gas, though ie was a 
useless product. Soon, however, it was discovered that 
Dleaching-powder could be made from it, and that, 
accordingly, it is a very valuable by-product, and 
manufacturers, who considered themselves badly treated 
when they were compelled to collect the gas, soon 
recognized that it had become one of their chief sources 
of profit. Its method of preparation will be more fully 
described when the manufacture of soda is being 
discussed. 

CHLORINE 


"EL took a retort containing @ minature of manganese (man- 
gancse dioxide) and ccidum satis (acid made from salt). In 
front of the neck [ bound a bladder emptied of air and set 
the retort on hot sand. The bladder became distended by 
the effervescence in the retort 2... I removed the 
bladder and found that this air (gas) had coloured it yellow 

« [chac, however, a quite cbaracteristically suffocating 
smell, which was most oppressive to the lunge." 
—Kerl Witkin Scheele, 1775 


105. Historical.—This remarkable Ras was first pre- 


pared by the great Swedish chemist Scheele, in 1774. In 
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the quotation at the head of this section is given in his 
own words the first description of its preparation, and 
Figure 34 shows his drawing of the apparatus he uscd. 
He called the gas dephlogisticated marine acid air, air 
being a name given to all gases, and marine acid being 
another name for hydrochloric acid. For a long time 
chlorine was supposed to be composed of hydrogen 
chloride and oxygen, and hence was called oxymuriatic 
gas. But in 1810 Sir Humphry Davy, after subjecting it 
to all sorts of severe chemical tests in an endeavour to 
extract oxygen 
from it, finally 
proved that it 
contained none, 
andethat it was 
an element. As 
the old name, 
oxy muriatic 
gas, was mis- 
leading, he gave 
Fro, 34.—Scramza’s Onicinat Daawixe or ms Menon it, on account of 
OF PaepaRinG CHLORINE AND COLLECTING IT IN ‘ a 
A Buappun its colour, its 
The retort was heated in a charcoal furnace. modern name 
chlorine, which is derived from a Greek word meaning 
pale green. 

106. Occurrence.—Chlorine, as we shall soon find, isa 
very active clement, readily uniting with manysubstances; 
hence it is not found in the free state, but always com- 
bined with other elements. Its chief source is the chlor- 
ides of sodium, potassium, and magnesium, which are 
found in sea-water and in great salt beds, as has been 
already stated in describing common salt. Sodium chlor- 
ide, which is by far the most abundant of these salts, is 
the source of all the chlorine that is used commercially 
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107. Laboratory preparatlon.—Chilorine is usually 
prepared from hydrochloric acid, which, as we have learned 
already, is composed of hydrogen and chlorine. In order 
to liberate the latter. it is necessary to add some substance 
that will unite readily with the hydrogen and thus set 
free the chlorine. Of such substances we naturally select 
oxygen, a8 it unites vigorously with hydrogen and pro- 
duces great heat. If oxygen and hydrogen chloride are 
passed through a red-hot tube, a certain amount of chlo- 
rine is formed, but it is small in quantity and mixed with 
large quantitics of the unchanged gascs: 

4HCl+0,—>211,04+2Cl. 
In practice it is found more satisfactory to use, 
rather than the oxygen itself, a compound that readily 
liberates oxygen. Accordingly, any of the substances 
which we found (Sec. 11) to give off oxygen when they 
are heated, such as potassium chlorate, red lead, 
manganese dioxide, or saltpetre, will serve. When they are 
mixed with hydrochloric acid and heated, chlorine is 
produced in every case, but some of them produce other 
gases as well, so that both commercially and in labora- 
tory work manganese dioxide is generally used. The 
solid ia put in a flask (Fig. 32), hydrochloric acid is 
poured through a thistle-tube, and the flask is gently 
heated. The gas produced, as it is quite heavy, is readily 
collected by displacing air. It can also be collected over 
warm water, or better still over a warm salt solution; 
but not over cold water, as it is quite soluble in the 
latter. The reaction is expressed by the equation: 
Mn0,+4HCI—>MnCl,+Cl,+2H,0. 

Many other methods of Preparing chlorine may be 
used, but only one other will be mentioned, because it 
is an excellent one for the laboratory. In this method, 
chloride of lime is used instead of manganese dioxide, 
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and hydrochloric acid is added to it. The reaction will 
be better understood after chloride of lime has been 
studied. 

108. Physical properties.—Chlorine, the first coloured 
gas that we have studied, is greenish-yellow and has a 
very disagreeable, irritating odour. It is a heavy gas, 
as 22.4 litres of it at N.T.P. weigh 71 grams; and since 
the symbol Cl stands for 35.5 grams, the formula is 
Cl,. If inhaled it produces serious effects and may cause 
death. On account of its poisonous character pupils 
should be careful not to allow it to escape into the 
laboratory. If it should be inhaled, some relief can 
be obtained by inhaling the vapour of alcohol. This is 
the gas that the German army used with such deadly 
effect against the Canadians at the Battle of St. Julien. 
A litre of cold water dissolves four litres of the gas to 
form a yellowish-green liquid, called chlorine water; this 
liquid smells and tastes like the gas. If chlorine is passed 
into ice-cold water, yellow crystals of a substance called 
chlorine hydrate, Cl,.8H,O, are formed. Chlorine can be 
readily converted into a Jiquid and into a solid. The 
conversion of the gas into a liquid was accomplished by 
Faraday in an interesting manner. During very 
cold weather he prepared crystals of chlorine hydrate, 
dried them, and placed them in a glass tube, which was 
then sealed. A friend of his, examining his tube, noticed 
a yellow oily liquid on the inside and rallied Faraday 
for using greasy tubes. As Faraday was filing the tube 
open to obtain the yellow oil, the contents exploded and 
shot out violently. He wrote to his friend the next 
morning that the experiment had been repeated, and 
that the oily liquid was nothing less than liquid chlorine. 
He was able to liquefy it in larger quantities by using 
an inverted V-shaped tube (Fig. 35), in one arm of 
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which chlorine hydrate crystals were placed. The tube 
was then sealed, and the empty arm surrounded by a 
{freezing mixture. When the other arm was heated, the 
chlorine was driven off from the hydrate and produced 
such a great pressure that it was liquefied in the arm 
surrounded by the freezing mixture. By this principle 
Faraday also liquefied many other gases. 

109. Chemical properties.--As chlorine is an exceed: 
ingly active element, it combines directly with nearly all 
of the other ele- 
ments, nitrogen, 
oxygen, and car- 
bon being the 
three chicf excep- 
tions. If copper 
orironintheform 
of a thin wire is 
first heated and 
then inserted in- pic.a5.—Passoar's Meteao ov Liqvernea Catoante 
to a bottle of the A. Ligeld ehloriee. |B Preering misiure: 0. Clam 
Ras, combustion 
follows with the formation of copious fumes of the 
chlorides: 


Cu+Cl,—-CuCl,, 
2Fe+3Cl,—>2F eC. 
Powdered antimony docs not require to be heated, but 
ignites spontancously when sprinkled in the £08, pro- 
ducing dense fumes and flashes of light. Magnesium 
powder, without any flash of light. is converted into 
white magnesium chloride. A picce of sodium dropped 
into the i aie becomes covered with a white 
coating, which, on examination, tum 
salt or sodium chloride: vee ee 
2Na+Cl,—>2NaCl. 
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This latter reaction reveals in a striking manner the mys- 
tery of chemical change. By combining a yellow, irritat- 
ing, poisonous gas with a soft metal that the slightest 
contact with water would set on fire, we obtain a valuable 
food material which is neither irritating, poisonous, nor 
inflammable, but so palatable and necessary for food that 
people and even wild animals will travel many miles 
in order to satisfy the natural craving for it. Chlorine 
unites just as vigorously with some of the non-metals, 
for phosphorus ignites spontaneously in it to form one 
of the chlorides, 
2P+5Cl,—>2PCl,, or 
2P+3Cl,—>2PCla, 
according to the relative quantities of the two elements 
present. Its most important chemical property, however, 
is the intensity with which it reacts with hydrogen. When 
mixed, the two gases unite with explosive violence if 
exposed to direct sunlight, and form hydrogen chloride: 
while, if the mixture is left in diffused sunlight, the 
gradual disappearance of the colour indicates the com- 
bination of the two to form the same substance: 
H2+Cl,—>2HCI. 

In darkness, however, the mixture may be kept for years 
without the two combining. Not only does chlorine 
combine explosively with hydrogen, but it withdraws 
the hydrogen from many of the compounds of the latter. 
Paraffin, for example, is composed of compounds contain- 
ing carbon and hydrogen. If a lighted paraffin candle is 
lowered into a bottle of chlorine it continues to burn, 
but with a very smoky flame, for the hydrogen of the 
paraffin combines with the chlorine, and the carbon is 
deposited as soot. The same phenomenon is exhibited 
by turpentine, Ciolys, for if a filter paper is dipped into 
the warmed liquid and lowered into a bottle of chlorine, 
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the turpentine bursts into a flame, and the carbon of the 
turpentine produces a dense cloud of smoke: 
Cyolet 8Cl, —>10C +16HCI. 

110. Properties of chlorine water.—Many of the fore- 
going reactions will not take place if both reagents are per- 
(ectly {ree from water vapour. Perfectly dry chlorine and 
hydrogen, even in bright sunlight, undergo no combination. 
Again, neither copper, iron, nor sodium will combine 
with chlorine, except in the presence of a trace of water. 
Water in these circumstances probably acts as a catalyst. 

If chlorine water is exposed to the sunlight, there arise 
bubbles of a gas, which can be proved to be oxygen. The 
disappearance of the greenish-yellow colour indicates the 
destruction of the chlorine; while the liquid which remains 
is hydrochloric acid. When chlorine combines with the 
hydrogen of water the oxygen is available for oxidizing. 
Hence we say that wet chlorine is an oxidizing agent. This 
latter property is well shown by boiling litharge, PbO, or 
ced lead, PbyO,, with chlorine water, when the suspended 
powder tums from yellow or red to dark brown; and 
on filtering the mixture, the brown residue, lead 
peroxide, PbO;, is left on the paper. If this brown 

powder is heated strongly, it again gives off the oxygen 
which it had withdrawa from the water. 

111. Bleaching with chlorine.—This oxidizing power 
of moist chforine makes it useful for bleaching and disin- 
fecting. When dyes and other coloured substances, such 
as ink, which contain hydrogen and carbon, are placed 
in contact with moist chlorine, the chlorine com- 
bines with the hydrogen of the water, and the 
oxygen of the water combines with the hydrogen and 
bay of the coloured substances, thus oxidizing the 
chlorine’ dois ou uote Ueetlly Wak tke colatcaane 

ly with the coloured sub- 
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stances, and hence is unable to bleach when it is perfectly 
dry. As chlorine does not re-act with carbon it has no 
bleaching effect on printing ink, which is composed 
largely of lamp black; nor on lead-pencil marks, which 
are composed of graphite, an allotropic form of carbon, 

112. Resisting gas attacks in war.—It is interesting 
to examine the method used to overcome the gas attacks 
of the Germans in the Great War. The respirators, placed 
over the mouth and nostrils of the soldiers, were wetted 
with a strong solution of sodium thiosulphate, Na,S,Os. 
The action of the respirators affords another example of 
the oxidizing power of chlorine in the presence of water. 
Sodium thiosulphate is a substance that has a marked 
tendency to deposit sulphur and to take up in its place 
oxygen from oxidizing agents, thus: 

Na,S203+O—>Na2S0.+S, 
the product being sodium sulphate. The whole reaction 
might be represented by the equation: 
Na2S203+H20+Cl-->2HCI1+ NazS0Ou+S. 

Thus the chlorine, as soon as it comes into contact with 
the respirator, is converted into hydrogen chluride, which 
dissolves in the water. The air, thus freed from its 
poisonous gases, passes through. 

113. Test for hydrochloric acid and chlorides.—If 
hydrochloric acid, or a solution of any metallic chloride, 
has a silver nitrate solution added to it, a white precipitate 
of silver chloride is formed: 

KCI+AgNO3s—>AgCl+KNOsz, 
ZnCle+2AgNOs—>2AgCl1+Zn(NOs)2. 
This precipitate is insoluble in nitric acid, but dissolves 
readily in ammonium hydroxide solution. This reaction 
will distinguish chlorides from any of the other common 
salts met with in elementary chemistry. 
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114, Bleaching-powder, or chloride of lime.— 
When chlorine is passed into a dilute solution of potassium 
hydroxide, two salts are formed, potassium chloride and 
potassium hypochlorite. If the potassium hydroxide is 
concentrated and hot and the chlorine is passed into it 
in large quantities, the potassium hypochlorite is still 
further oxidized by the chlorine to form potassium chlorate. 
This well-known substance is somctimes prepared com- 
mercially by this method. Chlorine acts in a similar way 
on sodium or calcium hydroxide. When chlorine is passed 
over slaked lime the chlorine is absorbed, and a substance 
is formed of the composition represented by the formula 
CaOCh, and called chloride of lime, or bleaching-powder. 
If an acid, such as sulphuric acid, is added to this sub- 
stance, the whole of the chlorine is given off: 

Ca0Cl;+H2S0,—>CaSO.+ H20+Cl:. 
If the acid is quite dilute a large part of the chlorine 
remains dissolved in the solution, and this liquid acts 
exactly as docs chlorine water. 

115. Commercial Importance of chlorine and 
chloride of Ilme.—Vast quantities of chlorine are re- 
quired for bleaching cotton and linen, for purifying water, 
and for disinfecting. The brown appearance of unbleached 
cotton is known to all, and unbleached linen is still more 
dingyin appearance. As these fabrics, before they are dyed 
or stamped, must be made perfectly white, the bleaching 
industry isimportant. In the days before the discovery of 
chlorine the fabrics were sent from all parts of Europe to 
Holland to be bicached. The process at that time was a 
very tedious one, continuing for eight monthe,during which 
time the cloth went through many operations, in one of 
which it was spread out in the ficlds for several months. 
exposed to the sunlight. Now, thanks to the discovery 
of chlorine, the whole operation is completed in a few 
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hours. The fabric is first dipped in.a-solution of chloride 
of lime, and then in dilute acid. _ As all of the vast quan- 
tities of cotton and Jinen fabrics have to be bleached in 
this way, some idea can be formed of the immense quan- 
tities of chlorine which are required for industrial purposes. 
As woollen and silk fabrics are corroded and hardened by 
chlorine, they cannot be bleached by this agent. 
Chlorine is a powerful germicide and is used as such ine 
considerable quantities. Thus all the water used by the 
city of Toronto is chlorinated. Moreover, soldiers, dur- 
ing active service, carry little pellets of chloride of lime. 
each pellet being of a proper size to sterilize a few gallons 
of water. In this way typhoid fever was almost eliminated 
among the soldiers engaged in the Great War. 

As chlorine is a very irritating and poisonous gas, 
workmen greatly dislike working with it in the bleach- 
ing rooms, so chloride of lime, rather than the gas itself, 
is used for this purpose. 


116. Manufacture of chlorine.—There are at pre- 
sent three processes by which chlorine is manu- 
factured: 


1. The manganese dioxide process is the one already de- 
scribed as the best laboratory method for obtaining the 
gas. Since the manganous chloride produced during the 
operation is again converted into manganese dioxide, new 
supplies of the latter reagent are not required for the 
successive operations. 


2. Deacon's process. When hydrogen chloride and air 
are passed through a heated tube, the oxygen of the 
air combines only very slowly with the hydrogen of the 
hydrogen chloride. (Sec. 107) Hence little free chlorine 
passes out, and much undecomposed hydrogen chloride: 


* 4HCI+0,—>2H,0+2C1,. 
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But heated copper salt acts catalytically and greatly 
hastens the reaction. In practice, therefore, the hydro- 
chloric acid and air are first heated to 400° C., then they 
are forced over porous bricks which have been soaked 
in copper sulphate solution, While passing over the 
catalyst, about three quarters of the hydrochloric acid 
liberates its chlorine. 

3. Electrolytic process. In the United States, where 
very large quantities of chlorine are now produced, 
Castner’s apparatus is very largely uscd. Figure 36 


Fro. Mh —Casren’s Arranares roa Maxvractynixc Caroance 
aso Caustic Sons 
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isa diagrammatic representation of the apparatus. The 

stone cell is six feet tong, three feet wide, and six 
inches high. Near cach end it has a vertical partition, 
which docs not extend quite to the bottom. A layer of 
mercury (N) along the bottom forms a seal under the 

Partitions, thus preventing the contents of the various 

compartments from mixing, and yet forming a con- 

ductor between the compartments. The end compart- 
ments contain salt solution (V), the central one a dilute 
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solution of sodium hydroxide (P). The cell is pivoted at 
one end, and as an eccentric roller (X) rotates under the 
other, this end is raised and lowered about an inch, thus 
causing a wave of mercury to pass alternately from each 
end into the central compartment. While the carbon 
anodes are in the salt solution, the iron cathode is in 
the sodium hydroxide solution. When an electric current 
is passed, chlorine rises from the anodes, and the sodium 
dissolves in the mercury and, with it, is rocked to 
the central cell. In the central cell, the mercury acts as 
an anode; and the sodium appears at the cathode, where 
it is decomposed by the water, forming sodium hydroxide 
solution and hydrogen. Chlorine is collected by pipes 
(A) from the end compartments, and hydrogen (H) from 
the central compartment. The liquid from the central 
compartment is withdrawn and evaporated, sodium 
hydroxide being formed. Thus both chlorine and sodium 
hydroxide are manufactured by this process. Many other 
electrical processes, besides that of Castner’s, have been 
invented, and several are used commercially. 

It is usual to compress chlorine into a liquid and to 
store it in iron cylinders. It is from such cylinders that 
chlorine is discharged in warfare. 

QUESTIONS 

1. Describe three methods of obtaining chlorine from hydro- 
chlorie acid, and two methods of obtaining it from common salt. 
Write equations. 

“\2. Ifa printed page has ink stains on it, how can the stains 
be removed? 

“S 3. Can chlorine water be used to remove ink stains from a 
coloured calico dress? From a piece of white cashmere? From a 
white silk handkerchicl? Give reasons in cach caec. (Sec. 114) 

4. Why does not chlorine bleach printer's ink, and lead-pencil 
marks? (Sec. 111) 
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SX 5. When chlorine water is used for testing, why should it be 
freshly prepared? (Sce. 110) 

__ 6. In which would chlorine water keep beat, in a clear bottle 
of in ove of amber glass? (Sec. 110) Give reason for your anewer, 


7. Now can chlorine be obtained from common salt? : Hlow can 
chlorine be uid to make common salt? How can chlorine be ob 
tained from hydrochloric acid, and how can it be used to make 
hydrochloric acid? 

@. Which of the following substances can be used to dry hydro- 
gen chloride: calcium chloride, quicklime, sulphuric acid? Which 
of them can be used to dry chlorine? 

9. What fs the weight of OL litres of chlorine gas, measured at 
20° C. and 86 mm. pressure? 

10. How many litres of chlorine at N.T.P. can be obtained 
from 1000 grams of hydrochloric acid 43 per cent. strong? (Sec. 57) 

11. How much hydrogen chloride can be obtained from } ton of 
common salt? If the gas is passed into water to form a 40 per 
cent, solution (Sec. §7) of hydrochloric acid, what weight of solution 
will be formed? 

12. Whea 0.461 grams of sodium were burned in chlorine, the 
resulting chloride weighed 1.17 grams, Find the percentage com- 
position of common silt. If 35.5 is a combining weight of 
chlorine, Gnd a combining weight of sodium? 

13, What weight of antimony must be burned ia chlorine to 
produce 10 grams of antimonous chloride, SbCly? 

“14. How can you test @ sample of potassium chlorate to 
Gad if it contains any potassium chloride as an impurity?) Try 
the potassium chlorate in the reagent bottle. 

AN 18. If 1 gram of copper powder is burned in chlorine the 
powder galos in weight 1.116 grams. What is the Percentage 
composition of copper chloride? What Is its simplest formula? 

16 When sulphuric acld, sodium chloride, and 
dioxide are heated together, chlorine is produced, 
\s played by cach substance in the preparation of 
Welte the equations (Secs. 101 and 107). 

17. If 478.5 c.c. of chlorine, measured at 91° C. a d O72 
pressure, weigh 1 gram, fied the molecular weight of chlorine. 


mangancec 
What part 
he chlorine? 
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Name of substance | wgt. Percentage composition 


Hydrogen chloride. . Hydrogen 2.76 Chlorine, 07.23 
Chlorine........... Chlorine, 100. 

Mercuric chloride... Mercury 73.8 Chlorine, 26.2 
Arsenious chloride. 181.5 Arsenic 41.32 Chlorine, 58.68 
Stannic chloride....261. {Tin 45.50 Chlorine, 54. 


Phosphorus chloride.!137.5 Phosphorus 22.55 Chlorine, 77. 


If the substances in the above table were the only known 
gaecous compounds containing chlorine, find its atomic weight 
(Sec. 73). 


CHAPTER XII 
CARBON 


117. Occurrence.—The element, carbon, occurs un- 
combined in several remarkable modifications, of which 
the best known is the charcoal with which we kindle 
our fires. But nobody would suspect that the lead of our 
tead-pencils, much less the beautiful, flashing diamond, 
transparent as water, consists of the sume clement as 
charcoal. Yet both, except for a slight amount of im- 
purity, are composed of carbon alone. In combination 
with other elements, carbon occurs in several substances, 
such as the gas, carbon dioxide, which is found in the 
air, and carbonates, which form great masses of rock in 
the carth’s crust. It is even more important as a con- 
stituent of organisms. Not a plant or animal exists, 
from the humblest organism to man himeclf, but has 
every tissue built up of substances containing much car- 
bon. In fact, carbon plays such an important: part in 
the composition of organisms that the chemistry of the 
carbon compounds is placed in a division by itself, called 
organic chemistry, the chemistry of all the other elements 
being called fnorganic chemistry. 

118. Modifications of carbon.—(1) Amorphous car- 
bon occurs in several forms, of which charcoal is the 
most familiar. Charcoal is a soft, black, porous substance 
made from various organic materials, such as wood, sugar, 
blood, bones, and other refuse parts of animals. \Wood 
charcoal is so light that it floats with case on water, 

w 
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but thisis due to the fact that it is very porous, and cach 
cell, filled with air, acts as a miniature float. When the 
air is driven out of the charcoal by boiling, it sinks to 
the bottom of a vessel of water and its true specific gravity 
of 1.7 is apparent. Again, on account of its many pores, 
it can present a very large surface to a gas in which it 
is immersed; and gases tend to condense on and adhere 
to its surface. We use the term adsorption to express 
this adhesion to the surface of a substance. It is quite 
a different process from ordinary absorption, such as 
that of water by wood. In the latter case the water 
fills the pores of the wood, while in the case of charcoal, 
the gas simply condenses on the surface of the numerous 
Sores or holes in it. Noless than 172 c.c. of ammonia have 
heen adsorbed by 1 c.c. of charcoal made from cocoanut 
shell, while 68 c.c. of carbon dioxide, or 18 c¢.c. of oxygen 
are adsorbed by 1 c.c. of charcoal made from the same 
matezial. If, accordingly, foul-smelling gases from sewers 
or decaying material pollute the air, charcoal, placed 
near the opening of the sewer, or sprinkled over the 
decaying organism, will cause the bad odour to vanish. 
It should be remembered, however, in this connection, 
that while it adsorbs the odours, it does not destroy the 
bacteria. Charcoal also adsorbs eome colouring materials 
from solutions. If, for example, charcoal is shaken 
with litmus solution, and the latter is filtered, the filtrate 
comes through as clear as water. Indeed, this property 
is utilized for the clarifying of sugar, as the brown colour 
is completely removed from the raw syrup by means of 
charcoal. ‘ 

Charcoal is insoluble in water and almost all other 
liquids and is unaffected by most chemicals. Though the 
most intense heat docs not meltit, yet at very high tem- 
peratures it turns directly from the solid into vapour. 
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Chareoal burns readily in oxygen or air, forming carbon 
dioxide: 
C+02—>CO3. ae 

Not only will it unite with [rece oxygen, but it is capable 
of removing oxygen from many of its compounds. On this 
property depends its great valuc in metallurgy, for the 
ores of most of the metals can be converted into their 
oxides by heating them in a blast of air, and if carbon is 
mixed with the oxide it extracts the oxygen and frecs the 
metal. For example, if red lead, zinc oxide, or copper 


AW 


NON 


Fra. 37.—Orn Metwoo of Parranmc Caatcou, 
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oxide is mixed with powdered charcoal and heated 
strongly, the oxide is soon reduced to the metal: 
Pb30.4+2C—>3Pb+2CO,, 
2Cu0+C—>2Cu+CO,, ete. 
We shall find later that in some cases the oxide of car- 
bon, which is formed during the reduction of ores, is not 
carbon dioxide, but another oxide. Only the oxides of a 
few of the lighter metals, such os sodium, potassium, 
aluminium, and magnesium cannot be reduced by carbon. 
When wood was abundant it was converted into char- 
coal in the following very wasteful manner: A great pile 
of cordwood was built compactly (Fig. 37), with a verti- 
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cal hole at the centre to act asa chimney. The pile was 
then covered with earth and sods, leaving a few air vents 
around the base. Next the wood at the bottom was 
kindled, and by regulating the ventitation properly, the 
combustion was directed to all parts of the wood. As 
throughout the operation an insufficient quantity of air 
was supplied, combustion was incomplete, and almost all 
of the volatile substances were driven off. Finally the 
air holes were gradually plugged. After several days, 
the process of- burning being complete, the sods and 
earth were removed, and a mass of charcoal was obtained 
which weighed one fourth as much as the original wood. 
This process is now replaced in Canada by a more 
scientific one. The wood is heated in iron ovens, and 
the gaseous substances produced pass through a scriecs of 
chambers, in which are condensed all the volatile products, 
such as wood spirits, acetic acid, and wood tar, which 
all find a ready market. On being heated out of con- 
tact with the air, blood, hoofs, bones, and other parts 
of animals are converted into animal charcoal, which, 
as it adsorbs the colouring matter, is largely used for 
clarifying liquids. 

Such a method of treating a substance as has just been 
described, is called destructive distillation. During this 
process the substances are converted by the heat into 
new products, some of which are volatile and some non- 
volatile; the former are driven off, while the latter arc 
left behind. On the other hand, in ordinary distillation 
such as that of a salt solution, the volatile water is 
driven off as steam and the non-volatile salt is left be- 
hind; thus the substances forming the solution are not 
destroyed, but are merely separated. 

When soft coal is destructively distilled the carbon 
left in the retort is not charcoal, but coke. This pro- 
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duct, as it is a hard, porous form of carbon, is used for re- 
ducing ores. Besidcz the coke which is lefe where the 
coal was placed, a dense form of carbon, called gas-car- 
bon, condenses on the sides of the retorts and is used 
to make carbons for batteries and arc-lamps. Still 
another form of amorphous carbon is the lampblack 
which, when the wick is turned up, is deposited on a 
lamp-chimney. It is made on a large scale by the im- 
perfect combustion of fats, resins, and oils. Being ina 
very finely divided state, it is used for printer's ndia 
ink, and black paints. The fact that Roman inscriptions, 
written on stones with lampblack over two thousand 
years ago, are still black, indicates how insoluble and 
how resistant to chemical action is carbon. 

(2) Graphite has been known for centuries, but was at 
first believed to contain lead. In 1779, however, Scheele 
showed that it could be entirely converted into carbon 
dioxide, and hence must be some form of carbon. Yet it 
is quite unlike charcoal in its properties; for it is of a 
stecl-gray colour, greasy to the touch, and so soft that 
it marks on paper. Besides it has to be heated to a high 
temperature in the air before it ignites; but when it burns 
it produces carbon dioxide and nothing else. 

Charcoal, we have said, is insoluble in most liquids. 
Tt docs dissolve, however, to a considerable extent in 
molten iron. When the iron cools part of the carbon 
appears, but not as charcoal; for it has been converted 
into layers of lustrous flakes of graphite. Graphite occurs 
native in many parts of the world, including Quebec and 
Eastern Ontario, where it is mined. The great graphite 
mines of the world, however, are in California, Ceylon, and 
Siberia, It is used as a lubricant instead of oil, especially 
where bearings Lecome quite hot. It is also largely used, 
mixed with clay, in the manufacture of lead-pencils. 
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(3) Diamond.—For many ages the diamond has been 
highly esteemed, both on account of the brillianey of 
iis fire and on account of its unrivalled hardnes, 
At first, it was believed to be the same substance as rock 
erystal; but, in 1694, some Italian experimenters placed a 
diamond at the focus of a powerful lens in sunlight, ud 
were greatly surprised lo find thaLit entirely disappeared. 


Fic. 38.—Motssas’s Evectric Frrsacr ms wincit tt: Maps Diawoxns 
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Its composition was only finally determined when Lavoisier 
undertook its study. He proved that, when it burned 
in a closed vessel of air, carbon dioxide alone wasproduced. 
The diamond is transparent, and, when pure, colourless; 
but it is frequently blue, red, or black in colour, owing to 


CARBON 175 


impuritics. It is the hardest substance known; and, 
unlike charcoal and graphite, is a non-conductor of 
electricity. : 

Ifa diamond is heated strongly in air or oxygen, it takes 
fire and burns. If,on theotherhand, itis heated intensely in 
an electric furnace, 
it swells up into a 
mass of graphite. 
Moreover, Henri 
Moissan, the great 
French chemist,has 
achieved the ree ye x.—secuoy of Moran's Furcraic Feenacn 
verse process of Seer aes 
converting the cheaper forms of carbon into diamonds. ‘To 
accomplish this he meltcd iron in an electric furnace 
(Figs. 38 and 39) and in the molten iron dissolved pure 
sugar charcoal, When the iron on the outside had 
solidified he plunged the crucible which contained it 
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into water. Then the contraction of the cooling outer 
crust produced great pressure on the interior. Finally, 
the cool iron was dissolved by acid, whereupon a few 
microscopic diamonds (Fig. 40) were found amongst a 
large amount of graphite. Up to the Present, however, 
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no diamonds of a marketable size have been produced in 
this manner. India _was_at first the chief source of 
diamonds; later Brazil; but now South Africa supplies 
almost --the—whole world. Many “gollble denond, 
have been discovered, the most gigantic being the 
Cullinan diamond, which was found in the Premier 
Mine, South Africa. It was as large as a man’s fist, and 
weighed one and one-third pounds. Premier Botha's 
government purchased it and presented it to King 
K:dward the Seventh. 


119. Allotropy.— 


“Allotropy is now applied to elements only . . ; for, 
whereas Berzelius seems to have thought of allotropic forms 
of an element as existing in different compounds of that 
element, the modern usage is to confine the term to the various 
forms of an clement which may have been isolated, and 
have been found to differ in specific gravity, crystalline form, 
solubility, and other physical properties.” 

—Ida Freund 


At first it was not suspected that charcoal, diamond, 
and graphite all consisted of carbon alone. This was 
completely proved only when it was shown that one 
gram of each, when burned, produced 3.67 grams of carbon 
‘dioxide, and nothing else. Moreover, as has been stated, 
charcoal, when dissolved in molten iron, can be converted 
into graphite and diamond without change of weight; and 
on the other hand, the diamond can be converted into 
either charcoal or graphite without change of weight. 
These facts show us that each of these forms is composed 
of carbon alone. Different substances, such as these. 
that are modifications of the same cl element, are called 


different substances? Is the process ste converting one into 
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another. a physical of a chemical change? Undoubt- 
edly.cach allotrope has its own specite properties (See, 27) 
quite distinct (rom those of the others, According to our 
definition, therefore, earch must be considered a pure 
substance, and the conversion of one into another a (rue 
chemical change. 
CARBON DIOXIDE 
“Black's account of fixed air (carbon divaide) and Ite pro- 
pertics is the fint caample we pours of a clear and Ts 

feaword ecrics of caperimental researches, where oo! 

was taken on trust, but everything was made the subject of 

carefal quantitative measurement 
Sie Wiliam Remy, 1900 

120. Preparation.—When any of the modifications of 
carbon already mentioned are burned, a gas, called carbon 
dioxide, is formed. fa fact, on the burning of any fucl 
which contains carbon, large quantitics of this gas 
are usually formed. This is due ¢o the combination of 
the carbon in the (ucl with the oxygen of the air: 

C+0O-—>CO,. 
Carbon dioxide was fit secognized asa distinct gas 
_by YanHelgont, a Belgigpn, The first scientitic investiga- 
Won of ite propertics and method of prepara was 
undertaken by Black of Edinburgh, as stated in the 
quotation at the head of this aection, 

Van Helmont propared carbon dioxide by acting on 
carbonates with acids, and that is still the most suitable 
method of preparing it f boratury purposes.) The fol- 
lowing cquations will show the nature of the reaction: 

CaCOs+211CI—>CaCle+1k04C0,, 
NagCOs+12SO.—>NagSO.+H,04+CO;. 
Black, on the other hand, obtained the gas by heating 
carbonates such as those of magnesium and caletam? — 
CaCOs—>Ca0+CO,. 
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Carbon dioxide is produced whenever organic matter 
ferments or decays. Since fermentation is carried out 
on an enormous scale in breweries and distilleries, these 
establishments are able to supply large quantities of this 
gas for commercial purposes. 

121. Physical properties.—Carbon dioxide is a 
colourless gas, much heavier than air. Its great density 
can easily be shown; for if two beakers are balanced on 
the two pans of a balance, and carbon dioxide is poured 
from a gas bottle into one beaker, the pan of the 
balance holding this beaker will rapidly drop. It can be 
condensed by pressure into a colourless, mobile liquid, 
slightly lighter than water. If the tap of a cylinder contain- 
ing such liquid carbon dioxide is opened, the liquid issuing 
from it evaporates so rapidly that the heat which is ab- 
sorbed causes the liquid to be converted into a white 
carbon dioxide snow. 

122. Chemical properties. —Carbon dioxide dissolves 
readily in water, 1 litre of cold water dissolving about 
1% litres of the gas. The solution has a sour taste and 
possesses all the properties of an acid. In conformity 
with the formula of the salts this acid forms with bases, 
and from analogy with the formula of other acids formed 
by dissolving oxides in water, we say the solution con- 
tains an acid of the formula H2COs, called carbonic 
acid, and consider the reaction, 

CO2+H20—>H:2CO;, 
to take place. Because this oxide unites with water to form 
carbonic acid, it is called carbonic anhydride. It is, never- 
theless, impossible to obtain a substance of the formula, 
H:COs, free from water; if we attempt to evaporate the 
water from the solution the carbonic acid is entirely 
decomposed, and the carbon dioxide all escapes: 

H2CO3;—>H20+COz. 
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This solution of carbonic acid in water is an acid, (as has 
been stated), it turns litmus red, and will react with bases 
to form salts (Sec. 180). If it is mixed with a solution of 
sodium hydroxide, sodium carbonate solution is produced: 
2NaOH 4+ H2COs—>Na2CO3+2H30. . 
Again, if a carbonic acid solution is mixed with a solution 
of calcium hydroxide a similar reaction takes place: 
Ca(OH)2+H2COs—>CaCO3+2H20. 
In this last reaction the two clear liquids, when mixed, 
produce a milky precipitate, as calcium carbonate is in- 
soluble in water. A similar reaction takes place when 
carbon dioxide is passed into lime-water, and, as this 
reaction is the test for carbon dioxide, it is worth 
while to discuss it a little more fully. Slaked lime is 
calcium hydroxide, Ca(OH)s, a base; lime-water is a 
solution of this base in water. So, when carbon dioxide 
ia passed into this solution, we can express the reaction 
as taking place in two stages. First, the carbon dioxide 
unites with some water to form carbonic acid: 
CO2+H:0—>-H3COs. 
And, second, the carbonic acid reacts with the calcium 
hydroxide to produce calcium carbonate: 
H2C034+Ca(OH)s—>CaC03+2H30. 
The calcium carbonate, because it is a white insoluble 
powder, causes the liquid to appear milky; this powder 
finally settles to the bottom. 

Carbon dioxide not only docs not support the com- 
bustion of Wood, a candte, sulphur, or phosphorus, but, 
if present in the air to the extent of four per cent., it 
will extinguish a candle. This property, as well as its 
great density. can be demonstrated as follows: Collect a 
botue of the gas by displacement of air, light a candle and 
bring the mouth of the jar just above and to one side of 
the flame, and finally, tip up the bottle as in the act of 
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pouring out water; the heavy gas descends on the flame 
and at once extinguishes it. 

123. Physiological effect.—Carbon dioxide is continu- 
ally exhaled by all plants and animals during respiration. 
If too great a quantity of it is present in the air an animal 
suffers through lack of oxygen and may die. Hence, per- 
sons descending old wells are sometimes overcome, owing 
to the presence of the gas in large quantities. In a cave 
near Naples, sufficient carbon dioxide issues from the 
fissures in its floor to form a layer from two to three 
feet deep along the bottom. If a man and a small dog 
walk through the cave, while the dog quickly becomes 
unconscious, and soon dies if not rescued, the man, 
whose head is well above the layer of poisonous gas, feels 
no evileffects. This cave, on account of its fatal effect on 
dogs, is called Grotta de! Cane, “the cave of the dog”. 

124. Combustion of magnesium in carbon dioxide. 
—We usually think of carbon dioxide as a very effective 
fire extinguisher; yet there are several of the metals that 
will burn in it. If a bottle of the gas is collected, either 
over water or by displacement of the air, and a piece of 
ignited magnesium ribbon, for example, is plunged into 
it, the metal continues to burn brilliantly. If the pro- 
ducts of combustion are examined, it is found that 
there are little black specks mixed with the white ash, 
and these can be proved to consist of carbon alone. 
Again, the white ash has the same properties as the ash 
formed by burning magnesium in air or oxygen, and is, 
therefore, magnesium oxide: 

2 Mg+CO.—>2 MgO+C. 
Thus, this experiment proves that carbon dioxide con- 
tains carbon and oxygen. Sodium and potassium also 
burn brilliantly when heated in this gas. This inflam- 
mability in carbon dioxide shows that magnesium, sodi- 
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um and potassium are excellent reducing agents, quite 
equal to carbon; nevertheless they are not likely to replace 
carbon commercially for this purpose, as they are too 
expensive. 

CARBON MONOXIDE 

125. Preparation.—As one watches the coal burn in 
a stove a beautiful blue lame is occasionally seen to flicker 
up; and when coal is added to a fire these blue flames 
are ecen to spread over the whole surface. The gas 
that produces this flame is carbon monoxide. 

If sulphuric acid is added to formic acid, or sodium 
formate, almost pure carbon monoxide is produced, which, 
on account of its inzolubility, can be collected over water. 
The reaction depends on the great affinity of sulphuric acid 
for water; for sodium formate contains both hydrogen and 
oxygen, and these clements are extracted by the acid from 
the substance in the proportion in which they arc present 
in water. Then the remaining constituents of the formate 
combine to form sodium oxide and carbon monoxide: 

2NaHCO;—»NazO+2CO+H320. 

The eodium oxide further unites with the sulphuric 
acid to form sodium sulphate. Carbon monoxide can 
also be formed by the action of sulphuric acid on oxalic 
acid. In this case, however, the gas is mixed with carbon 
dioxide; and it is somewhat troublesome to separate the 
two gases. Hence the method of preparation from sodium 
formate is better for the laboratory. 

For commercial purposes there are two other 
important mcthots of preparing carbon monoxide. A piece 
of iron tubing is filled with granular lumps of charcoal 
and the ends are stopped with asbestos corks, cach of which 
has onc hole fitted with a glass tube. One glass tube is 
Connected with a flask generating carbon dioxide. while 
the other glass tube leads to a pneumatic trough in 
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which are gas bottles inverted in water. While carbon 
dioxide is passing slowly over the charcoal the tube is 
heated red-hot, and the carbon monoxide formed is col. 
lected in the gas bottles. If a pointed tube is inserted in 
the end of the delivery tube the gas may be ignited. 
Again, if steam, instead of carbon dioxide, is passed over 
the red-hot charcoal, a mixture of carbon monoxide and 
hydrogen is formed. The equations for the reactions are 
the following: 
C+CO.—>»2C0, 
and C+H20—>H2+CoO. 

The mixture of carbon monoxide and hydrogen is called 
water gas, which is manufactured commercially to be used 
asa fuel. When water gas is manufactured commercially 
the steam is passed over coal and not charcoal. 

126. Properties.—Carbon monoxide is a colourless, 
tasteless gas, with very little odour. As it is only slightly 
soluble in water it can be collected readily in the 
pneumatic trough. The solution is neutral to litmus. The 
gas burns with a blue flame, producing carbon dioxide. 
One of its most striking properties is its poisonous 
character when inhaled. Since it unites with the red part 
of the blood and thus prevents the latter from absorbing 
oxygen, the blood cannot be purified. Therefore its 
inspiration rapidly causes unconsciousness and death. 
Indeed, it is this component of both illuminating gas and 
the gas generated in the coal stove which causes 
these gases to be so injurious when they escape into a 
room, The formation of carbon monoxide in the coal 
stove is explained as follows: The oxygen enters below 
through the grates and at once unites with the red-hot 
coal to form carbon dioxide. On passing up, however, 
over more red-hot coal, it is reduced to carbon monoxide. 
just as was the carbon dioxide when it passed through 
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the red-hot charcoal in the iron tube. When this carbon 

monoxide reaches the space above the coal it again 

combines with oxygen, re-forming carbon dioxide and 
giving rise to the blue flames already mentioned. ; 

127. Hydrides of carbon.—While carbon ordinarily 

combines with oxygen in only two proportions to form 
the two oxides described already, it combines with hydro- 
gen in many proportions to form many hydrides. If 
the propertics of these hydrides are compared, it is found 
that they form a number of series. ~The members of cach 
series have closcly related formula; and if the members 
of cach series are arranged in the order of their boiling- 
point, it is found that they are in the right order to 
exhibit a steady gradation of many other propertics as 
well. The following list contains the names and formula 
of some members of three of these serics: 

The Methoue Series The Ethylene Series The Aceiytene Series 
Methaoe, Cll, Ethykoc, CGH, Acetykne, Con 
Etbane, Gilly Propykoe, Cytls Allylene, Ca, 
Propaac, C,lls Butykne, Cll, Crotonylene, Cylle 
Butane, C.lly  Amykac, Clty 
Pentanc, Cytln Ilexykene, Coline 

It will be noticed that the formula of cach member of a 
serics is formed {rom the formula of the preceding mem- 
ber, by adding CHz to it. 

The members of the methane eeries of lowest molc- 
cular weight arc gases, the middle members are liquids, 
and the members of highest molecular weight are solids. 
The boiling-points of the members rise as we descend the 
tcrics. Petroleum is composed largely of members of this 
series. The members forming petroleum are separated by 
heat, the components that boil at low temperatures bein 
driven off at low temperatures, and then those that boil ae 
higher temperatures. The components that boil between 
40°C. and 70°C. form petroleum ether, those between 70°C 


184 CHEMISTRY 


and 90°C gasolene (refined), between 150°C and 300°C 
kerosene. The components of the petroleum which boil 
above 300°C form lubricating oils, vaseline, and paraffin. 

We will discuss briefly the first member of the first series, 
methane, and the first member of the third series, acetylene. 


METHANE, OR MARSH GAS 

128. Occurrence.—If the decaying vegetation at the 
bottom of stagnant water is stirred with a stick, bubbles 
of gas will frequently be seen to rise. In some marshy 
places these bubbles rise steadily, even when the bottom is 
notdisturbed. Ifan inverted bottle, full of water, is placed 
so as to catch the bubbles, a bottle of the gas may be 
collected, which burns much like hydrogen when a blaz- 
ing splint is brought to the mouth. This gas is methane, 
or marsh gas. It is formed whenever vegetation decays 
under water. 

129. Preparation.—Methane can be obtained most 
readily by the action of water on aluminium carbide. 
The carbide is placed in a flask (Fig. 4) fitted with a 
cork with two holes. Through one hole a separating 
funnel is passed, and through the other an elbow tube 
connected with a rubber delivery tube. Water is allowed 
to drop on the carbide from the separating funnel. The 
gas is collected over water: 

AL,C3+6H20—>3CHs+2A120s. 

130. Properties.—Methane is a colourless, odourless 
gas, which is only half as heavy as air. It dissolves very 
sparingly in water. It burns with a slightly luminous 
flame, producing carbon dioxide and water: 

CHy+202.—>C02+2H:0. 
It can be distinguished from hydrogen by the fact that, 
when a bottle of it is burned and lime-water is poured 
into the bottle and agitated, the liquid turns milky. It 
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can be distinguished readily from carbon monoxide 
by the fact that, when it is burned from a jet, a cold, dry 
jar held over the flame condenses drops of water on the 
inside. : 

Methane is given forth from coal, and so occurs in 
large quantities in coal mincs. Indeed, sometimes it so 
permeates coal that, when a scam is cut through, it can 
be heard to hiss out. The colliers have named such 
coal, singing coal, and the gas, fire-damp. If the gas 
becomes ignited in a mine a terrific explosion occurs. 
The explosion is duc to the sudden expansion of the car- 
on dioxide and steam formed as products of its com- 
bustion, Many thousands of miners have lost their lives 
through such explosions; for not only are they cut off 
by the blocking of the passage ways, but they are 
also suffocated through lack of oxygen and through the 
great quantitics of carbon dioxide produced. The 
vitiated air is called after-damp. A thorough system of 
ventilation and the use of etcctric lighting and safety 
lanterns are the best methods of preventing such ex- 
plosions. 


ACETYLENE 


131. Preparation.—Acctylenc is prepared in a manner 
exactly similar to methane, excepting that water is drop- 
ped on calcium carbide instead of on aluminum car- 
hide. A simpler laboratory method, however, is to drop a 
lump of the carbide into water and to place an inverted 
gas bottle filled with water in euch a position as to receive 
the gas as it ascends. The reaction is expreased by the 
following equation: 

CaCy+2Hx0—>Ca(Oll)3+CaH>. 
Wf the liquid which remains after acetylene has been 
formed from calcium carbide and water, is filtered 
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the filtrate, if the breath is blown through it, turns milky 
at once. This proves that calcium hydroxide is one of 
the products of the reaction. The blackish parts which 
remain on the filter paper are impurities present in the 
calcium carbide. 

132. Properties.—Acetylene is a colourless gas with a 
characteristic odour. Water dissolves about its own 
volume of the gas, alcohol dissolves six times its own 
volume, but acetone dissolves it in much larger quan- 
tities. The gas burns with intense heat and light, pro- 
ducing water and carbon dioxide if the supply of oxygen 
is ample, but depositing much carbon if the supply of 
air is insufficient: 

2C2H2+502—>4C02+2H20. 
As two volumes of acetylene require five volumes of 
oxygen, and only one fifth of the air is oxygen, therefore 
acetylene requires about twelve times its volume of air 
for complete combustion. Acetylene is liable to explode 
if it is compressed under a pressure of more than two 
atmospheres, espccially if subjected to any shock. 

133. Economic importance.—Accetylene gas is now 
an article of great commercial importance. A plant for its 
generation is not expensive and is easily managed. Con- 
sequently, where coal-gas is not accessible, many houses 
and public buildings have installed private acctylene 
plants and use the gas for illumination and cooking. It 
is also largely used with oxygen, in the oxy-acetylene 
blow-pipe, for cutting iron plates (Sec. 17), and for 
autogenous welding. As it is not safe to store the com- 
pressed gas in cylinders, it is generally uscd dissolved in 
acetone. These solutions in acetone are contained in 
cylinders. In this form it is used for lighting automo- 
biles. When the cylinders become exhausted they are 
returned to the factory to be recharged. 
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COAL-GAS 


134. Manufacture of coal-gae.—Almost every large 
town and every city has a supply of coal-gas, which ae 
used for purposes of cooking and of illumination. It is 
produced by the destructive distillation (Sec. 118) of soft 
coal. Fig. 41 shows the arrangement of the parts of a 
gas plant. The coal is placed in fire-clay retorts (R). 
which are heated in a furnace. The gases produced are 
partially condensed in a large pipe, the hydraulic main, 
one of which is usually connccicd with several furnaces. 
The gases not condensed here are passed into tall pipes 
(C), where they are further cooled and a further conden- 
sation of liquids takes place. The gases are then pumped 
into large towers called “ scrubbers” (S), where they 
meet a stream of water trickling down over masses of 
coke. This water dissolves all the ammonia from the 
gases, which then pass through the purifier (P), where 
other unsuitable components are absorbed. Finally the 
gases pass into the gas-holders (H). The liquids that are 
condensed in the hydraulic main and in the condenser 
form a black mass called coal-tar, which is used for a 
variety of purposes. 

The solid Icft in the retort is coke. Hydrogen and 
methane compose between seventy and cighty per cent. 
of the gases in the gas-holders. 

Coal-gas was first manufactured for practical use by 
William Murdoch, a Scotsman, who usad it to illumin- 
ate his home in 1792. By 1805, it began to be used for 
the illumination of large buildings. Its use for street 
lighting spread rapidly in citics; but at the present 
time, in Ontario, it bids fair to be largely replaced by 


electricity for illumination and also for heating and 
cooking. 
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QUESTIONS 


1, Name and describe the different forms of carbon. How may 
they be showa to be tbe same element? 

2. What is meant by allotropes? How would you prove that 
Lwo substances are allotropes of the same element? 

3. How would you distinguish carbon monoxide, methanc, and 
hydrogen? 

4. Name four methods by which carbon dioxide is formed. 
Write equations. 

&. Roscoe, by burning 6.4400 grams of diamond, obtained 23.- 
7114 geams of carbon dioxide and nothing che; while Dumas, by 
burning 1.232 grams of graphite, obtained 4.517 grams of carbon 
dioxide and nothing clic. Prove from these data that diamond 
and graphite are allotropes of carbon (Sce. 19). 

6. When 39 ¢.c. of carbon monoxide are exploded with 24 c.c. 
of oxygen, what volume of these gases fe left? What is the 
composition of the residual gases? 

7. M10 grams of pure charcoal are burned In oxygen, what 
volume of oxygen is required; and what weight, and what volume 
of carbon dloxide are produced? 

@, Into a cudiometer are bubbled 20.2 ¢.c. of carbon monoxide. 
Oxygen is thea bub’ ‘ec in, until the gasce stand at 40 c.c. After 
the explosion, what volume will the resulting gases occupy? If 
potassium hydroaide (See. 122) solution is shaken with the gases, 
what volume of gasce will thea remain? . 

®. How would you show that sugar, starch, cheese, and dias 
monde contain casbon? 

10. How would you prove that carbon dioxide contains both 
carbon and oxygen? (Sec. 124) 

11. Explain how carbon monoxide is formed In a coal stove, 
aod state why it is dangerous to allow it to escape lato the room? 

12. Why Is it customary to lower a lighted candle ato a well 
to God If it bs safc for men to descend into lt? 

13. If omic acid is heated with sulphuric acid, a 
catboa monoxide and carboa dionide la given of. "How eva’ yon 
obtala pure carboa monoaide from tbe mixture? On what prop- 
exiles of tbe gas docs the separation depend? 


CHAPTER XII! 


ECONOMIC IMPORTANCE OF CARBON DIOXIDE 
AND CARBONATES 


135. Soda-waters.—Such beverages as _ ginger-alc, 
ginger-beer, and soda-water are well known. All are 
usually kept in thick glass bottles. When the cork is with- 
drawn from a bottle and the liquid is poured into a glass, 
violent effervescence occurs. The essential components of 
all these beverages are water and carbon dioxide; the gas 
is forced into the bottle under pressure, and the bottle is 
then corked. As the solubility of a gas decreases with a 
decrease of the pressure, much of the carbon dioxide 
escapes froma bottle of soda-water when the bottle is 
opened and the pressure diminished. The carbonic acid 
dissolved in the liquid gives these drinks their sharp taste. 
The various flavours and colours are produced by extracts, 
and the beverages are gencrally sweetened by sugar. 
Ginger-beer is different from the others in this, that carbon 
dioxide is not forced into it but is produced by the 
fermentation of ginger in the liquid itself. 

136. Fire extinguishers.—In halls and corridors of 
public buildings are placed small metal tanks called fire ex- 
tinguishers, each of which has a short piece of hose and 
a nozzle (Fig. 42). The tank is filled with a strong solution 
of sodium bicarbonate, and in the top is a stoppered bottle 
of sulphuric acid. The printed instructions on each state 
that, in case of fire, the tank should be inverted and the 


nozzle directed toward the fire. 
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The act of inverting the extinguisher withdraws the 
cork or breaks the bottle, and the acid then reacts with 
the carbonate to generate carbon dioxide: 

HSOq4+ 2NaHCOs—>NazS0.+ 2CO, + 2120. 
The carbon dioxide rises 
to the espace above the 
liquid, forces the latter out 
through the hose, and then 
this liquid extinguishes the 
fire. 

137. Making of lime.— 
When limestone is strongly 
heated it is decomposed 
into quicklime and carbon 
dioxide: 

CaCOs—>Ca0+CO:. 
Te can be proved that 
quicktime is an oxide of 
calcium, for, when the 
metal, calcium, is burned 
in air or oxygen, a eub- 
stance identical in prop- 
erties with quicklime is 
produced. The process of 
converting limestone into 
lime is called burning lime, : 
though, in reality, the lime Fea 42— Pg Bxrrecevucea wire pant 
is not burnt, but strongly 4 ous Setaniog ene 
heated. As vast rock for- 
mations of limestone are 


found at or near the eur- ‘Citing loowrty 1se5 
Pi ay * 
face in many parts of ior pepperting wit 


Canada, the making of lime is an important industry. 
Lime is produced in a structure called a lime-kiln (Fig. 43), 
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which is a conical shaft open at the top and with a 
furnace near the bottom. The limestone is carried in little 
cars on an elevated track to the top of the shaft and is 
dumped into the kiln. As 
soon as the limestone at 
the bottom is calcined, it 
is taken out from below 
and the upper limestone 
gradually drops down. 
Quicklime, when water 
is added to it, swells up, 
cracks, and steams as it 
becomes heated. When 
the process is complete, 
the hard quicklime has 
been converted into a 
white crumbling powder, 


aA 
e MGA slaked lime, or calcium 
Fic, 43.—Secriox or a Luwe-cux os hydroxide: 
ae Ca04+H,0—>Ca(OH):. 


The same reaction also occurs when quicklime is exposed 
to water vapour, and for this reason it is sometimes used 
as a drying agent for gases. At ordinary temperatures the 
reaction that takes place in the lime-kiln is reversed; in 
other words, both quicklime and slaked lime, if exposed to 
the air, will rapidly deteriorate by changing to calcium 
carbonate. Indeed, it is to this reaction that the 
hardening of lime-mortar is due. 

138. Solubility of limestone.—We have seen that, 
when carbon dioxide is passed into lime-water a white pre- 
cipitate of limestone is produced, which is quite insoluble in 
water. However, if more carbon dioxide is passed into the 
liquid, the limestone dissolves. Similar results can be 
obtained by adding a solution of carbon dioxide (soda- 
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water) to the precipitate. Hence limestone is soluble in 
water in which carbon dioxide has been dissolved. This 
fact is of great importance in the economy of nature. For, 
as decaying vegetation always produces carbon dioxide, 
the water of rivers and springs contains small amounts 
of this gas; and, if this water flows over limestone, the 
latter is gradually dissolved. We say such water con- 
tains “lime”, but it is really not lime, but limestone 
that it has dissolved. By the flow of such streams great 
caverns and underground passages are produced in the 
limestone rocks. 

139. Hard and Soft Water.—We classify water as 
hard or soft,and the uwo kinds have well-marked differences. 
Hard water {ecls rough and resistant to the touch, while 
soft water (eels smooth. When a emall amount of soap 
solution is added to hard water, a white cloudy precipi- 
tate is formed, which, being lighter than water, soon 
floats on the top. Moreover, no lather is produced at 
first when the solution of soap is shaken with the water. 
Soap when added to perfectly soft water, even in small 
quantities, produces a lather at once when the water is 
shaken. The hardness of water is duc to the presence of 
calcium and magnesium salts, especially the carbonates, 
chlorides, and sulphates. Now, soap is the sodium or potas- 
sium salt of acids obtained from fate, one of these being 
oleic acid. Hard soap contains sodium oleate and soft 
soap contains potassium oleate. If cither kind of soap is 
added to water containing a calcium or a magnesium salt, 
calcium or magnesium oleate is formed: and, as these are 
both insoluble in water, they form precipitates, which are 
the curds produced in hard water by soap. Accordingly, 
the soap is destroyed and does net perform its function as 
adeanser. As a consequence, only after enough soap has 
been added to precipitate all the calcium aalt, docs any 
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become available as a cleanser. In this way millions of 
pounds of soap are wasted every year by the use of hard 
water. 

If sodium carbonate or ammonium carbonate is added 
to the hard water, the reactions expressed by the following 
equations take place: 

NazCO3+CaCla—>2NaCl+CaCOs, 

NazCO3+MgClh—>2NaCl+MgCOs. 
The calcium and magnesium carbonate produced are 
insoluble in water and sink to the bottom; thus, when 
soap is added, a lather is at once produced, as no salts 
of calcium and magnesium are left dissolved in the water. 
Sodium and potassium salts dissolved in water do not 
precipitate the soap, and so do not make water hard. 
It is because sodium carbonate softens water by precipi- 
tating the calcium and magnesium salts that it is called 
washing-soda. 

Sodium carbonate is also added to water on account 
of its cleansing properties. It acts readily on any oil or 
grease on the surface, converting it into soap. 

Rain and distilled water are soft. Spring water is usually 
very hard, as it is certain to have dissolved some calcium 
or magnesium salts during its long passage through the 
soil and rocks. The hardness of river water varies greatly 
on account of the varying soils and rocks through which 
it flows. 

140. Temporary and permanent hardness.—I' 
can be shown that a solution of carbon dioxide dissolves 
limestone and also magnesium carbonate. When such a 
solution is heated, as the carbon dioxide is driven off, the 
water is no longer able to dissolve the carbonates, and 
they are precipitated. It is in this way that the deposit 
of “lime” forms inside kettles and boilers. If water con- 
taining much “lime” is heated, a cloudiness is produced, 
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owing to the precipitation of the calcium or magnesium 
carbonate. Consequently, water that is hard owing to the 
presence of these carbonates, can be made soft by boiling, 
and is, therefore, said to possess temporary hardness, while 
water containing the chlorides or sulphates of calcium and 
magnesium is said to possess permanent hardness. 

141. Baking-eoda, baking-powder, and ycast.- 
Bread is made light by adding yeast, which, by causing 
carbon compounds in the dough to ferment, generates 
carbon dioxide. The carbon dioxide collects throughout 
the mass as numerous small bubbles, making the dough 
porous and causing the bread to rise. As the bread bakes 
the dough hardens, and finally retains its shape even when 
the gas escapes. Yeast docs not produce carbon dioxide 
very rapidly and would be altogether too slow for making 
cakes, etc. For this purpose baking-soda and baking-powder 
are used. The former is sodium bicarbonate, NallCOs, 
which, when heated, produces carbon dioxide and sodium 
carbonate: 

2NalHiCOs—>NazCOa+-CO2+H-0, 
Ie will be observed that only one half of the carbon 
dioxide obtainable is thus driven off, for it is possible to 
obtain still more carbon dioxide by adding an acid to sodium 
carbonate. In order to utilize all the carbon dioxide avail- 
able, therefore, the sodium bicarbonate is usually mixel 
in proper proportions with a substance that acts like an 
acid. Such a mixture is called baking-pouwder. The added 
substance is usually cream of tartar, alum, or acid cal- 
cium phosphate. Usually some starch is mixed with the 
(wo essential ingredients, thus forming a layer around the 
Particles of the other components and Preventing them from 
coming into contact and reacting. No matter what acid 
substance in used, a salt is left behind in the dough, and 
it is casential that this should be harmicss. Probably the 
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eream of tartar baking-powder is the best. There is a 
prevalent opinion that alum is very injurious in baking. 
powder, but there is some doubt as to the truth of this 


QUESTIONS 

1. Explain how yeast causes dough to rise. 

2. Why do bread and cakes rise greatly after they are placed in the 
oven? 

3. A vessel of water, saturated with carbon dioxide under ordinary 
pressure, is placed under the receiver of an air-pump and exhausted, 
Describe what happens to the solution. Why does spring water 
sometimes deposit limestone when it reaches the surface? 

4. Water that has temporary hardness and cannot be heated on 
account of the large quantity to be treated is softencd by adding 
some lime to it. Explain how this softens it, and write the cqua- 
tion expressing the reaction. 

5. Sour milk is sometimes used with baking-soda in cooking. 
Would sweet milk do as well? Give reasons for your answer. 

G. Write the equations for the action of sulphuric acid on sodium 
carbonate and on sodium bicarbonate. From the equations decide 
which carbonate requires more acid to liberate the carbon dioxide 
from it. State one reason why it is advantageous to use the 
bicarbonate rather than the carbonate in baking-powder. 

7. How can you prepare lime-water, if you are given a piece of 
marble? 

8. If 1,000 kilograms of limestone is placed in a lime-kiln and 
heated, how much quicklime will it produce? What volume of 
carbon dioxide, measured at N.T-P., will be driven off? 

9. Sodium carbonate occurs in crystals NagCO3.10H20, and as a 
white powder NazCO3. If both are sold at the same price per 
pound, which will be the more profitable to purchase? 

10. What weight of water is necessary to slake 1 ton of lime? 

11. A mixture of marble and hydrochloric acid sets carbon dioxide 
free. Why can yon not use this mixture instead of haking-powder? 


CHAPTER XIV 
CHEMICAL ACTION 


142. Heat of chemical actlon.—Up to the present 
we have confined our attention entirely to the substances 
that are formed during a chemical action and have not 
paid much attention to the phenomena accompanying the 
action. Some chemical changes, such as the burning of 
magnesium in air or.the slaking.of-lime, are accompanied 
by the production of great heat; others, such as the 
rusting of iron or the bleaching of cloth by chlorine, take 
place with little or no evidence of heat production; in others, 
again, such as the conversion of limestone into lime or the 
decomposition of mercury oxide into mercury and oxygen, 
heat, instead of being produced, is taken_up_duting the 
feaction. If the rusting of iron and the bleaching of cloth 
are examined more carefully, it is found that heat changes 
accompany them also, though the changes take place so 
slowly that the heat is dissipated before it has time to 
elevate to, any extent the temperature of the iron or of 
the cloth. fact, ¢ chemical, jon i is 
by the ction or al ion_of Reactions in 
which heat is absorbed are called endothermic, while those 
in which heat is emitted are exothermic. Many examples 
of cach kind have been met already. The burning of any 
substance = flords a good example of an exothermic reaction, 
while those changes that are brought about only by strong 
heating, such as the production of oxygen by decomposing 
mercury oxide, manganese dioxide, and saltpetre, are often 
endothermic. It docs not follow, however, that all re- 

in 
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actions that require the aid of heat are endothermic, for 
some, as, for example, the calcining of the metals and the 
decomposition of potassium chlorate, that require the 
application of heat to bring them about, arc ex. 
othermic. 

Morcover, when two or more elements combine to form a 
compound the reaction is accompanied by the absorption 
or emission of heat. In such cases, if heat is emitted the 
compound is called an exothermic substance, but if heat is 
absorbed it is called an endothermic substance. Usually en- 
dothermic substances are much less stable than exothermic 
ones; indecd, frequently they decompose spontancously, 
sometimes with explosive violence. Most of the com- 
pounds met with in elementary chemistry are exo- 
thermic, but acetylene, hydrogen iodide, and several 
oxides of nitrogen are examples of endothermic sub- 
stances. ; 

143. Speed of reactions.—Every pupil must have 
noticed the various speeds at which reactions take place. 
While a piece of nant barns slowly, a piece of magnesium 
ribbon of the same length burns much more rapidly. Again, 
a ‘piece of charcoal burns slowly in air but rapidly in 
oxygen. Several factors determine the speed. 

(a) Temperature-is a very important factor in determin- 
ing the rate of a reaction. Many of the reactions we have 
studied do not seem to take place at all at an ordinary tem- 
perature, but only as the temperature is raised. If sulphuric 
acid is poured upon common salt (Sec. 101) and the 
containing vessel is kept cool, the hydrogen chloride comes 
off gently; but if the temperature is raised, the gas comes 
off in torrents. And what is true in this case is equally 
true in many others, for the rate of all reactions increases 


from t i very 10° Cythe temperature 


is raised. At the temperature of the flame from a Bunsen 
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burner coal burns in air quite readily; but as the tempera- 
ture is lowered, the rate decreases very rapidly, so that at 
ordinary temperatures there is apparently no action at all. 
Yet reactions that take place at high temperatures may 
take place at ordinary temperatures also, but at such a 
slow rate that no perceptible change is noticeable even 
after years. In the case of coal, for example. while we 
usually consider that no combustion takes place while it is 
in the bin, yet we know that great masses of coal some- 
times ignite spontancously in their interior. In such a 
case, the heat of oxidation gradually accumulates until 
the coal finally ignites. Hence, large piles of coal require 
to be flooded with water occasionally, or to be ventilated. 
to prevent spontancous combustion. 

(Q Catalysts are also a means of changing the speed 
of reactions. We have had several examples of this 
already. It is now generally considered that a catalyst 
cannot initiate a reaction, but that it can merely accelerate 
one that is already taking place. The rate at which car- 
bon monoxide unites with oxygen, even at a high tempera- 
ture, is eo slow when both are perfectly dry that no 
apparent action takes place; but as soon as moisture is 
admitted, the sraction takes place with t_ rapidity. 
Now, as far os experiment indicates, t is no reaction 
until the catalyst,_moiature, ia added to. the mixture_ol 
carbon monoxide and oxygen; but according to the usual 
explanation of catalytic action, there is considered to be 
already an execedingly slow reaction, the rate of which 
the catalyst merely increased. 

Paget ag of great industrial importance; for many of 

portant commercial processes of a chemical 
character depend entirely upon it for their success. By the 
use of a catalyst the price of the most extensively used of 
all chemicals, sulphuric acid, was reduced from several 
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dollars a pound to less than one cent. Again, much 
of the chlorine, now so widely used, is separated from 
hydrogen by copper salts acting as catalysts (Sec. 116). 
The _processes_of fermentation, also, that are so far. 
reaching in industry, are catalytic reactions. "ig" 

But if catalysis plays a large part in the phenomena of 
the industrial world, this is as nothing compared with the 
part it plays in the life of organisms of all kinds from the 
smallest bacteria to man himself; for from the time the 
food enters the mouth until it is absorbed into the blood, 
the chemical processes it undergoes are largely catalytic. 
Besides, the chemical processes of the various tissues are 
also largely of a catalytic nature. Accordingly, a clear 
understanding of this process is of transcendent impor- 
tance in understanding the phenomena of life. 


(c) Area of surface_in contact also plays a prominent 


part in determining the speed of a reaction. Two suh- 
stances react only where they are in contact. If a lump 
of zinc is dropped into sulphuric acid, as only the layers 
of zinc and sulphuric acid that are in contact can play 
any part in the chemical reaction, the internal parts of 
the zinc affect the reaction no more than does the great 
mass of the acid which does not touch the metal. Accord- 
ingly, if a lump of zinc is dropped into acid, the rate is 
just the same, whether the lump is hollow or solid. Thus 
the greater the surfaces in contact the greater is the specd. 
For example, if two lumps of marble of equal size are 
selected, and one is ground to a fine powder while the 
other is left intact, and if both are immersed in sulphuric 
or hydrochloric acid, the action of the acid will be very 
much more rapid on the powder than on the lump, be- 
cause the surface of the powder is many times that of 
the lump. A lump of iron docs not appear to be acted 
on at ordinary temperatures by the oxygen of thé alr 
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yet if this metal is prepared in the form of a very fine 
powder, by a special method, and the powder sprinkled 
out into the air, it ignites with as great vigour as docs 
antimony in chlorine. Morcover, several other metals, 
such as lead, nickel, and cobalt, act in the same manner. 
In euch cases the rate has been increased by the immense 
increase of the surfaces in contact. 

(d) Concentration. By the concentration of a substance 
is meant the amount of it per unit voluine, the term being 
applied either to a gas or to a dissolved substance. The 
rate at which a gas or dissolved substance reacts increases 
with its concentration, as is obvious from a consideration 
of the following well-known facts: To hasten the harden- 
ing of plaster and mortar in new buildings by absorption 
of carbon dioxide, brazicrs of burning coke are frequently 
placed near the walls, in order to increase the concentra- 
tion. ofthis gas in the air. .For the same reason, in 
addition to the reason given in Section 16, sulphur and 
other combustibles burn more rapidly in pure oxygen than 
in air, in which the oxygen is diluted five-fold with 
nitrogen. Moreover, a concentrated solution of chlorine 
in water bleaches more rapidly than a weak one, and 
marble is acted on more rapidly by concentrated acids 
than by weak oncs, as shown by the more vigorous evo- 
lution of carbon dioxide. In photography also the effect 
of concentration on the specd of reaction plays an 
important role, for, by a careful adjustment of the concen- 
tration of the chemicals in the developer, the photo- 
grapher is able to regulate to a nicety the time required to 
develop his plates and films. 

144. Reversible reactions and chemical equilibrium 
—We are now in a position to explain certain chemical 
reactions which have already been studied separately, but 
which when studied together seem contradictory. One 
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method._of preparing-hydrogen-is—by-paseing—cteain over 
iron_heated red-hot _in_a combustion tube (Ser, 41): 
Fi 
Now, if the very same tube, with the same filings par- 
tially oxidized to oxide of iron, is heated and hydrogen is 
passed_through-i it, the iron oxide is reduced to iron, ard the 
hydrogen is oxidized to water: 
Fe304+4H2—>3Fe+4H20. 

If the equations expressing the two reactions are com- 
pared, it will be found that they are exact opposites. How 
is this to be explained? 

Before we explain this apparently contradictory behav- 
iour, let us consider what would take place if water and 
iron were sealed in a glass tube and heated. As the 
iron became hot and the water turned to steam the first 
of the foregoing reactions would begin. The iron would 
liberate the hydrogen, and the velocity of the reaction 
would depend on the temperature and the concentration 
of the gas (steam), as the concentration of solids remains 
unchanged. When the temperature becomes steady, the 
only variable feature will be the concentration of thesteam 
inthe tube. As the reaction proceeds the amount of steam 
decreases, and thus the velocity of this reaction v-ill beecme 
slower. But as soon as this reaction begins and some 
hydrogen and iron oxide are formed, the second of the 
foregoing reactions will also begin. At first, as the 
concentration of the hydrogen is very small, this 
latter reaction is'very:slow; but, as the first reaction 
proceeds, ‘moré hydrogen is produced, and the rate 
of the second reaction will increase. Thus the rate of the 
first reaction is steadily decreasing, and the rate of the 
second is just as stead’ly increasing, so that in time the rate 
at which hydrogen separates from the water is the same a3 
that at which it is uniting with the oxygen of the iron 
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oxide to form water. Then the amounts of cach substance 
in the tube will not change, as cach one is being formed at 
the same rate as that at which it is being destroyed. 
Of course, it is not necessary to assume that these (wo 
reactions are really taking place simultancously. The 
observed fact is that (a state of rest pr chemical equili- 
brium has been reached. Since by a slight alteration of 
concentration the process may be made to take place in 
one or the other direction, such a reaction is spoken of as a 
reversible reaction. Reactions of this kind are expressed 
by equations with double arrows, thus: 
3Fe+4Hs0Z— FeO. +4 Hz. 

When_steam passes over iron, the former _is reduced, 
and hydrogen is produced, there scemingly being no 
decrease in the rate, as the apparatus will deliver hydrogen 
as long as there is any unoxidized iron. Here there 
is no decrease in the rate of the reaction for, quite unlike 
the case of the scaled tube, there is no decrease in the 
eoncentratiqn of the stcam, because new steam_is_being 
continually supplicd. Why docs not the reverse reaction 
increase and counterbalance this reaction? Because there 
never is any concentration of hydrogen in contact with 
the iron oxide. For as econ as the hydrogen is formed, it 
is swept out of the tube with the current of steam. Thus 
the eccond reaction is always exceedingly slow, because 
there is no concentration of hydrogen. When, on the other 
hand, hydrogen is passed over iron oxide to form steam, 
the latter is swept away os rapidly as it is formed, and 
thus the hydrogen will continue to reduce the oxide as 
long asit passes through the-tube:—In this way the reaction 
can be made to go completely in cither direction, by keeping 
* ene on one side and keeping it down on 
the other. 
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Let us consider further the reaction expressed by the 

equation, 

3Fe-+4H20% ~~ FesO1+4He, 

where the substances are inclosed in a scaled tube. At 
200°C. a state of equilibrium is peacice, when there is 
20 times.as much steam as hydrogen.” Now, if the tempera- 
ture is raised and thus the speed of reaction in each di- 
rection is increased, it will be found that the speed of the 
reaction from right to left has_increased more rapidly than 
that from left to right; ind that in th tilibrium state 
at 440°C. the amount of steam is only 6 times as much 
as that of hydrogen, while at 1,500°C. the amounts of 
steam and of hydrogen are equal. If such a reaction is 
produced in a closed vessel, the changes take place 
in one direction as the temperature is raised and in the 
opposite direction as the temperature is lowered, so that the 
reagents at the end of the operation will be present in 
exactly the same quantities as at the beginning. 

We have found that when mercury is heated in air it 
forms red oxide: 

2Hg+O2—>2HgO; 
and that if the temperature is raised, the reverse reaction 
takes place completely: 

2HgO—>2Hg +02. 

Both the reactions are apparently complete. At the 
lower temperature the latter reaction takes place at such 
an infinitely slow rate that the former appears complete. 
But with rise of temperature the rate of decomposition of 
the mercury oxide increases much more rapidly than the 
reverse process, so that at high temperatures the rate of 
combination—which is never great—is negligible when 
compared with the rate of decomposition. 


145. (cian direction.— Most 
chemical reactions are purposely arranged so that they 
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will not come to a state of equilibrium where there will 
be a mixture of all the substances taking part in the re- 
action, for such substances would be difficult to separate, 
and the purpose of most experiments is to isolate substan- 
ces. Thus reactions, to be useful, must be fairly complete 
in one direction. This is accomplished mainly by the 
production of an insoluble substance, which usually is 
cither a gas which rises out of the solution or a solid which 
is precipitated. , 

Ag an example of the first, consider the preparation of 

hydrogen chtoride: 

H2S0.4 NaCl} NaHSO.+ HCI. 

This reaction can be made reversible, but, if the mixture 
is heated, the hydrogen chloride gas is driven off. Con- 
sequently, its concentration in the sulphuric acid is always 
so small that the reaction from left to right gocs practically 
to completion, as the rate from right to left is excecdingly 
slow on account of the very small concentration of hy- 
drogen chloride in the solution, 

Asan cxample of the second method, consider the action 
of a solution of silver nitrate on a solution of common 
sale: 

AgNOst NaCI—>NaNOy+AgCl. 

Here all of the substances are quite soluble in water 
except the silver chloride. “The reaction begins from left to 
right, as at first there is no sodium nitrate or silver chlo- 
fide in the solution. Now it might be thought that as_ 
theetwo: latter ‘are-formed they would begin Teacting 
in the opposite direction; and such would be the case if 
both were soluble;_but, because silver chloride is insolu- 
ble, its concentration in the solution remains practically 
poeeaghe she rate of Feaction from right to left remains 
nothing, and the reaction is com i H 
direction. plete in the opposite 
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The same Teasoning always applies where an insoluble 
substance is formed. If A+B—>C+I) represents a 
reaction, and if C or D is either a gas that escapes, or, 
when the reaction takes place in solution, an insoluble solid 
or liquid, the reaction takes place practically completely 
from left to right. If all of the reagents are soluble and 
in equilibrium, then any increase in concentration of A 
or B, or any decrease in concentration of C or D will 
cause the equilibrium to be displaced, so that more of C 
and D will be formed, and vice versa. The pupil should 
study the chemical reactions already described in this 
volume and decide whether they were complete in one 
direction, or in a state of equilibrium, and determine the 
factors that made them complete or incomplete. 


146. Disturbance of equilibrium.—When a reaction 


ig in a state of equilibrium, this state can be disturbed in 
several ways: (1) By changing the concentration or 
active mass of any Sethe substances invorwed Tne 
reaction; (2) by changing the temperature; or (3) by 
changing the.pressure. ofthe substances involved, But 
the question arises in which direction the equilibrium ‘will 
be displaced. The conversion of calcium carbonate into 
lime and carbon dioxide, TT conducted ina sealed tube, 
comes to a state of equilibrium: ~~ . 
- CaCOsgZ—*Ca0+CO>. 

It is important to know in which direction equilibrium 
will be displaced if any of the factors mentioned above 
should be altered. 

Le Chatelier has formulated a rule by which in every 
case one can tell in an instant in which direction 
equilibrium will be displaced. His rule is as follows : 
When one or more of the factors determining an equilibrium 


are allered, the eqnitiorinm becomes displace $7 SUN FWY; 
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as fo neutralize, as far as possible, the effect of the change. 
This tule ig called Le Chatelier's Theorem. 


and carbon dioxide in a state of equilibrium in the ‘sealed 


and thus its concentration ia increased, then the equili- 
brium of the mixture will be displaced in such a direction 
as to decrease the concentration of the carbon dioxide. The 
way to decrease the concentration of the carbon dioxide, 
when more is being forced in, is. to get rid of carbon dioxide, 
and so the substance on the left will be produced, more 
limestone being formed. If carbon dioxide is withdrawn 
from the tube, the reaction will take place from left. to 
right, in order to generate mere carbon dioxide. If the 
Temperature is rgised, the equilibrium will be displaced in 
the direction that causes the absorpiion-of. heat, for this 
leads to a lowgsing of the temperature; hence the substances 
on the right will be produced, as this reaction is accom- 
panied by heat alsorption. If the pressure is decreased, 
then more carbon dioxide will form to increase the préssure 
of the gas, and the reaction will be displaced from Ieft to 
right. In a similar way this rule is applicd to all balanced 
chemical reactions. 
QUESTIONS 
1, Clamify the following reactions as compte of incomplete, giv- 
ing reasons: 
(¢) Potassium chlorate is heated to produce Oxygen. 
(6) Sulphuric acid Is added to sodium chloride. 
(© The minture In (6) is heated. 
(6) Sodium is placed on water. 
@ Hdeoess and oxygen are passed through a highly heated 
jul. 
P Stam is passed through a tube containing magnesium 
powder. 
‘2 Why does stirring increase the rate of solution ? 
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3. When dilute sulphuric acid is poured on common aalt and the 
mixture is heated, what causes the reaction to go to completion? 

4. Complete the following equations, and by reference to the table 
of solubilities tell which go to completion. (Secs. 144, 145) 

HgNOg + KCI 
CuSO, + NaNO3 
Na2CQ3 + HNO3 
NaBr + H3PO, 
BaClz + CuSO, 
ZnS + HySO, 
Na2S0, + HCI 
FeS+112504 
CaCO3+1ICh. 

5. If steam and iron, inctosed in a glass tube which is sealed at one 
end and has a tight piston in the other, are heated steadily until 
they reach equilibrium, in which direction will the equilibrium be 
displaced, (a) by pushing in the piston, (4) by forcing more 
hydrogen into the tube, (¢) by forcing more steam into the tube? 


CHAPTER XV 


SULPHUR AND ITS COMPOUNDS 
SULPUCR 


“Quickly, O Nurse, bring fire that t may bum 
Sulphur, the cure of illa* —Ilomer’s Odyssey 

147. History.—Sulphur is an clement the knowledge of 
which dates back to antiquity; for even Homer seemed to 
be aware of the disinfecting qualitics of its fumes, a3 the 
above quotation would indicate, and the alchemists con- 
sidered it to be the constituent in bodies that made them 
inflammable. It was in early times called brimstone, 
meaning “ the stone that burns; and the name is still 
common. 

148. Occurrence.—The fact that sulphurous fumes issue 
from volcanoes and from crevices in their vicinity is 
probably responsible for the belief, common among the 
ignorant, that there is in the interior of the earth burning 
brimstone. In the crust of the carth there is much sulphur, 
in both the free and the combined state. The {ree sulphur 
is found in almost all volcanic regions, as in Sicily (the 
most notable «deposits in the world), Italy proper, Japan, 
and Mexico. In Western Louisiana, also, there occurs o 
great bed of sulphur that has probably been produced by 
bacteria, anil afterwards laid down as.a sedimentary deposit. 
Combined sulphur in the form of sulphides and sulphates 
is widely distributed. Pyrite, FeS,, and sulphides of zinc, 
lead, and copper form valuable ores; while gypsum, 
CaS0,.211-0, which forms immense deposits in various parts 
of Canada, is a mineral of great importance. 

» 
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149. Modifications and properties of sulphur,— 

(a) Rhombic Sulphur—The two forms of this clement 
with which we are most familiar are a powder called 
flowers of sulphur and a cylindrical stick called roll. 
sulphur. The latter is yellow, somewhat translucent, and 
quite brittle. It is almost insoluble in water, slightly solu- 
ble in alcohol, but dissolves quite readily in carbon bisul- 
phide. And if a solution in the latter liquid is allowed to 
evaporate slowly, the sulphur is deposited in transparent, 
yellow crystals, as beautiful as gems. As these crystals 
have a rhombic form this variety of sulphur is called 
rhombic sulphur. It has a specific gravity of over 2 and 
melts at about 114°C. Roll-sulphur is composed entirely, 
and flowers of sulphur largely, of crystals of rhombic sul- 
phur; but these crystals are much crowded in the roll- 
sulphur and somewhat incomplete in both. 

(0) Monoclinic Sulphur.—On the other hand, if sulphur 
is raised just above its melting-point in a beaker and allowed 
partly to solidify, and if then the liquid part is poured out of 
the beaker, the whole interior of the beaker is left lined with 
projecting needle-shaped crystals of sulphur of a form quite 
different from that of the rhombic crystals. These crys- 
tals have, moreover, properties quite different from those 
of the rhombic form, as the specific gravity is 1.96, and 
the melting-point is over 119°C. This variety of sulphur 
is called monoclinic sulphur. If monoclinic crystals are kept 
at ordinary temperatures they lose their transparency and 
become opaque, and if one of them is broken after this 
change, it is found to be composed of large numbers of 
closely packed rhombic crystals. If, on the other hand, 
a rhombic crystal is heated for some time to a tempera- 
ture above 97.6°C., but not so high as to melt it, it becomes 
opaque and is converted into monoclinic crystals. Thus 
rhombic crystals are stable at‘all temperatures below 97.6°C. 
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Below this temperature other forms become thombic, but 
above this temperature the monoclinic form is stable, and 
other forms become monoclinic. Indeed, the relation be- 
tween these two forms is much the same as that between ice 
and water; ice is the stable form below 0°C., and water 1s 
the stable form above that temperature. Just ax ice and 
water at 0°C. can be kept in contact without one turning 
into the other, so monoclinic and rhombic sulphur at 
97.6°C. remain in contact without one changing into the 
other; but if the temperature is raised the rhombic becomes 
monoclinic, and if the temperature is lowered the monoclinic 
becomes rhombic. For this reason the temperature, 
97.6°C., is called the fransition temperature. Morcover, 
in another reapect, the two forms are related to each other 
as areice and water, for just as when 1 gram of ice becomes 
water, 80 calorics of heat are absorbed, 6o when 32 grams of 
rhombic sulphur arc converted into monoclinic sulphur, 
over 2 calories of heat are likewise absorbed. 

(6) Liquid and Plastic Sulphur—When roll-sulphur is 
carefully melted it forms a steaw-coloured liquid, which is 
quite mobile; but as the temperature of the liquid is raised 
the colour darkens to brown, then to black and, further, 
the liquid becomes so viscous that it will scarcely flow. 

If the temperature is raised still higher, though still 
remaining dark. it becomes more mobile as the boiling- 
point is approached. It boils at about 444.5°C. The 
vapour given off, as it boils, is yellow or orange-yellow, 
and this, on meeting the cool air, condenses toa solid. But 
if the boiling sulphur is poured into water, a third modifica- 
tion of sulphur is formed, called plastic sulphur, which 
is brown, soft, quite clastic, and gummy. T: quite 
unlike both the other varietics, is insoluble in carbon 
bisulphide. In a few days it becomes converted into 
rhombic sulphur, the stable form at ordinary temperatures. 
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The light-yellow and the dark viscous liquid are allo- 
tropes of sulphur. They differ not only in colour and 
viscosity, but each, when suddenly cooled by pouring it 
into water, is converted into a different product. The 
dark-coloured variety, as we have just stated, is converted 
into plastic sulphur, while the yellow variety is at once 
converted into ordinary rhombic sulphur. 

To understand the relationship between plastic and 
thombic sulphur it is necessary to compare them with 
certain conditions of water. If water is cooled under 
favourable conditions it may fall much below its freezing’ 
temperature, 0°C, and still remain quite fluid. Itis then 
said to be super-cooled. If into this super-cooled water 
the smallest particle of ice is dropped, the water begins to 
freeze at once, and the temperature generally rises to 0°C. 
Some super-cooled liquids, however, solidify very slowly. 
Now, plastic sulphurisreally thesuper-cooled, viscous liquid 
sulphur, and like other super-cooled liquids, it eventually 
becomes converted entirely into the solid form. 

Besides these already mentioned, there are probably five 
other solid allotropes, but they are not of great importance. 

150. Chemical properties.—Sulphur in its chemical 
properties closely resembles oxygen. With some of the 
metals, such as mercury and silver, it unites at ordinary 
temperatures to form the sulphides: 

2Ag+S—>Ag3S, 
Hg+S —>HgS. 

Again, copper, iron, and zinc, when heated and put 
into sulphur vapour, glow and are converted into the sul- 
phides. Sulphur also combines with some of the non-metals. 
For instance, in oxygen it burns to produce sulphur dioxide, 
SQ2. All oxidizing agents, in the presence of water, convert 
it into sulphuric acid. Its vapour density at very high 
temperatures is 64, corresponding to the formula, S2; but 
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just above the boiling-point its vapour density " about 
192, corresponding to the formula, Se. It is bivalent. 
quadrivalent, and hexavalent. Its most common hydride 
is ILS, and its two most important oxides are SO2 and SOs. 

151. Extractlon.—Up to about 1906 the world’: supply 


of sulphur came largely from Sicily. There it found 
mixed intimately with other rock material and is extract- 


ed in a primitive manner. For this purpose, large cireu- 
lar excavations are made on the side of a hill (Fig. 44), 
and are lined 
with brick (A). 
In these excava- 
tions the lumps 
of ore (C), are 
arranged so as 
toleave ventila- 
tion flues (b) 
passing up 
among the 
lumps. The ore 


is heaped up at S 
the top to form Fre 4t.—Mermoo wx xe tv Sent or EBxrucrea 
gs Seveeva 
adome, which is A. Brickwork om the side of a BI. a. Opening through 
: ahichs Bearcat (mochambcy. (8). b. Veale: 
covered with an ating shalte throwch thee ealpbar. C. Salpbor ote. ¢. 
Bowdered sulphat ore. 


impervious layer 
(c). The sulphur at the bottom is ignited and by its 
combustion it gradually heats all partsof the heap. When the 
sulphur is melted by the heat it sinks to the sloping bottom 
{c), and flows along it out through (a) into the chamber (B). 

152. Refinement.—Since sulphur prepared in this way 
is quite impure, it is refined in a distilling apparatus like 
that shown in Figure 45. After it has been melted in M it 
runs into G, where it is vaporized. The vapour passes 
through D into the large chamber (A), in which it is 
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chilled and condensed into a cloud, which falls to the bot. 
tom as flowers of sulphur. When the chamber, however, 
becomes heated above the melting-point of sulphur, the 
latter gathers as a liquid (S) on the bottom of the cham. 
ber and is run out into slightly conical wooden moulds to 
form roll-sulphur. 

153. Extraction of Louisiana sulphur.—The develop- 
ment of the sul- 
phur beds of 
Louisiana is one 
of the triumphs 
of technology. 
There great beds 
of pure sulphur, 
150 feet thick, 
underlie five hun- 
dred feet of quick- 
sand, gravel, and 
porous limestone. 
Millions of dol- 
lars and many 
lives were spent 
during fifty years 
; in endeavouring 
teats, to sink shafts and 


Fic. 45.—Apraratus ror Rerixixe Sucriun to mine the sul- 


M. i fe Hung the sulphur: from this pot It . 5 
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vl + condense a in wl 
tieitnute forme at (S). oO Opening through whch Walter pressure 


the liquld sulphur Is drawn off. forced in the 


shafts, and sulphurous gases suffocated the miners. At 
last, in 1903, Herman Frasch, an American engineer, solved 
the problem. He bored a well (Fig. 46) to the bottom 
of the sulphur bed and placed in it four metal tubes. 
one within another. Through the two outer tubes (H 
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and E) superheated water 
was forced down. This water 
was at such a high tempera- 
ture that at once it melted 
the sulphur, which collected 
in a pool (M) around the 
bottom of the tubes. Com- 
pressed air was foreed down 
through the inner tube (A), 
and this drove the molten sulphur up in a continual 
stream through the remaining tube (F). The sulphur on 
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reaching the surface is collected in bins (K) of immense. 
size, one containing as much as 100,000 tons. 

Within the last few years the whole sulphur market 
has been changed; for the Louisiana sulphur companies 
have wrested from Sicily the position it held for many 
years as the chief producer of sulphur, and these companies 
now produce about one half of the world's supply and are 
capable of producing much larger quantities. 

154. Uses of sulphur.—The uses of sulphur are various. 
Large quantities are required for the production of sul- 
phites, which are used in the manufacture of wood-pulp. 
Much is used in the great vineyards of Europe to sprinkle 
on grape-vines to prevent the growth of fungi. Again. 
some is used for the manufacture of gunpowder, and for 
the vulcanizing of rubber. Large quantities are also re- 
quired in bleaching wool and silk. It is now also uscd to 
a certain extent as a fertilizer. 


HYDROGEN SULPHIDE, H2S 


155. Occurrence.—Hydrogen sulphide was first care- 
fully studied by Scheele in 1777. It is one of the gases 
issuing from volcanoes, and it is also a component of 
the natural gas found in western Ontario. Moreover, it is 
found dissolved in the water of sulphur springs, for it is 
not sulphur, as is popularly believed, but this gas that 
gives the characteristic taste and odour to such springs. 
Besides, it is always one of the gases produced during the 
decay of organic matter. 

156. Preparation.—Hydrogen sulphide is usually pre- 
pared by acting on ferrous sulphide with hydrochloric or 
dilute sulphuric acid. But other sulphides may replace 
ferrous sulphide in this reaction. It can also be prepared 
in the laboratory by heating together sulphur and paraf- 
fin, since the latter contains much hydrogen, which readily 
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combines with the sulphur. The gas can be collected 
either over hot water or by the displacement of air. 

157. Properties.—Hlydrogen sulphide is a colourless 
gas with a very disagreeable odour, resembling that of 
rotten eggs. It isa little heavier than air, 1 litre of it at 
N.T.P. weighing 1.54 grams. One litre of water dissolves 
over three litres of the gas at room temperature. As the 
gas can be driven entirely out of its aqueous solution 
by boiling, it resembles in this respect carbon dioxide 
(Sec. 122), and acts quite differently from hydrogen chlo- 
ride (See. 102). Ifa jet is inserted in the end of a deliv- 
ery tube connected with a flask in which the gas is 
being generated, the gas can be ignited and will burn 
with a pale flame, producing water and sulphur dioxide: 

2H2S+30;—>2H20+ 2503. 
Now. if a cool evaporating dich is placed in the flame, sul- 
phur is deposited on its surface. It reacts readily with 
chlorine, forming eulphur and hydrogen chloride: 
Cly+H,S—>2HC1+S. 

And in general it will react with any oxidizer, the 
products being water and cither sulphur or sulphur 
dioxide. If a solution of the gas is allowed to stand, its 
hydrogen combines with the oxygen of the air to form 
water, sulphur being deposited. Indeed, this last reaction 
is typical of its behaviour, for its hydrogen unites readily 
with the oxygen of compounds, thus reducing them. For 
example, if it is passed through sulphuric acid it at once 
reduces it to sulphur dioxide and water: 

H;S0.+H:S—>2H20+S045. 

This action may be viewed as follows: Sulphuric acid is 
the substance formed by the union of sulphur trinxide 
and water and its formula may be written H,0.SO,. Now, 
the hydrogen of the hydrogen sulphide unites with onc 


218 CHEMISTRY 


third of the oxygen in SO3 to form water, thus reducing 
sulphur trioxide to sulphur dioxide: 
$03+H2S—>H:20+S02+S. 

As hydrogen sulphide when inhaled acts as a poison, jt 
should never be allowed to escape into the laboratory. 
Indeed, if it composes only gy of the air it is said it will 
prove fatal to a dog, and, certainly, much less than this 
proportion of the gas will produce headache and vomiting 
in a human being. 

158. Acid properties.—A solution of hydrogen sul- 
phide in water is a weak acid, turning blue litmus red. 
Like other acids, it reacts with many metals, their oxides, 
and their salts, to form sulphides, all of which are insoluble 
in water except those of sodium, potassium, calcium, and 
barium. Consequently, if hydrogen sulphide is passed into 
solutions of metallic salts, the sulphides are usually pre- 
cipitated: 

CuSO,+H2S—>CuS+H2SO,. 

For example, the sulphides of copper, silver, mercury, 
lead, arsenic, antimony, and tin can be precipitated in this 
way. But as the sulphides of iron, zinc, and nickel, though 
insoluble in water, are soluble in dilute acids, they cannot 
be precipitated by passing hydrogen sulphide into solutions 
of their salts, for in such a reaction an acid is always formed : 

ZnClz+H2S—>2HC1+ZnS. 


As some of the sulphides have bright colours, their forma- 
tion gives a ready means of identifying the metal. Anti- 
mony sulphide, for example, is bright orange, tin sulphide 
is brown, lead sulphide is black, and zinc sulphide is white. 

159. Test for hydrogen sulphide.—The gas can 
generally be detected by its odour, but if it is present even 
in small quantities it will blacken paper previously dipped 
in a solution of a lead salt. 
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SULPHUR DIOXIDE, SO 

160. Preparation.—Sulphur dioxide has been known as 
long as sulphur itself; for when sulphur is burned sulphur 
dioxide, well-known by its odour, is formed. Not, however, 
until Priestley had learned to collect gases over mercury 
instead of water was this gas prepared pure. It issues in 
considerable quantities from volcanoes, and is always found 
in towns and cities where much coal or coal-gas is burned, 
as they always contain some sulphurous component. It 
may be prepared in a great many ways, only three of 
which will be described : 

(1) If concentrated sulphuric acid is heated with copper, 
this gas is gencrated. The reaction may be considered 
in two stages; first, the copper acts on the sulphuric 
acid in the usual way, the metal replacing the hydrogen: 

Cu+H:SO,—>CuS0,+2H. 
Then the hydrogen reduces the sulphuric acid. Now if 
we express the formula of sulphuric acid, H20.SOs, the 
hydrogen can be considered to reduce the SO; to SO;, 
the other atomic weight of oxygen in cach molecular 
weight of sulphur trioxide being converted into a mole- 
cular weight of water: ‘ 

211+H;0.S0;—>2H,0+S0,. 

It is not to be considered, however, that these steps 
actually follow cach other, for the whole reaction takes 
Place simultancously, but the method of viewing it as a 
succession of steps is merely a handy device to cnable us 
to correlate it with other well-known reactions. When 
Gither carbon or sulphur replaces copper in the reaction, 
these elements, like the hydrogen above, reduce the su!- 
phur trioxide to sulphur dioxide according to the following 


equations: 
S$+2H:0.S0;—>-2H120+3S0,, 
C+2H,0.S0;—>2H042503+C0,. 4 
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; (2) Probably the best method for laboratory Purposes 
is to decompose sodium bisulphite with sulphuric acid: 
2NaHSO3+H2SO,—>Na2SO4+ 2502+2H20. 

(3) Vast quantities of sulphur dioxide are prepared for 
making sulphuric acid by heating iron pyrites, FeS., in a 
furnace in which an abundant supply of air passes over 
the pyrites. Such a process is called roasting. 

161. Properties.—Sulphur dioxide is a colourless gas, 
which, when inhaled, is very irritating to the throat and 
bronchial tubes; it is also quite poisonous to vegetation. In 
Sicily, accordingly, where sulphur is prepared in the fields, 
the burning of the ore is forbidden during the summer or 
autumn, in order that no damage may be done to the 
crops. Again, in Northern Ontario, where the nickel ores 
are roasted and the sulphur dioxide is allowed to escape, the 
surrounding country has beenconverted into adesert. As it is 
more than twice as heavy as air and is very soluble in water, 
it must be collected by the downward displacement of air. 
The gas can be readily converted into a liquid, and this 
liquid, stored in tins or bottles, is used largely for 
disinfection. Indeed, a tin of the liquid, which is 
inexpensive, is very useful in the laboratory as a source 
of the gas. 

162. Reducing action.—Though sulphur dioxide will 
not support corobustion, yet when the gas with oxygen is 
passed over hot platinum the two gases largely unite to 
form sulphur trioxide, SO3: 

2S02+02—>2S03. 


This reaction is reversible. 

To perform this experiment some fibres of asbestos are dipped 
into a solution of platinum chloride and then strongly heated, The 
heat drives off the chlorine, and the platinum is left as a very fine 
powder adhering to the fibres of asbestos, which is now called 
plotinised asbestos. The advantage of the latter over a piece of 
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platinum is that it exposes many times as great a surface of 
platinum, The platinized asbevtos is placed in a combustion tube, 
which is heated to about 400C., and then a mixture of the gases i¢ 
passed through the tube. In this reaction the platinum acte as a 
catalyst, and the sulphur trioxide forms a cloud in 3 flask connected 
with the combustion tube. 

163. Oxldizing agent.—On the other hand, when sul- 
phur dioxide is mixcd with hydrogen sulphide the former 
acts as an oxidizer, converting the hydrogen of hydrogen 
sulphide into water, the sulphur being deposited = The 
following equation represents the reaction: 

2H:S+SO;—>2H,0+3S. 

164. Acld propertles.—When sulphur dioxide is dis- 
solved in water the solution is an acid turning litmus red, 
generating hydrogen when such a metal as magnesium is 
added to it, and producing salts when neutralized by 
Dases. As the formula of the sale produced with sodium 
hydroxide is Naz SOs, and the other salts have similar 
formulz, we write the formula of the acid H2SO,, to sug- 
gest the conncetion between the acid and the salt, and we 
write the equation for the reaction when sulphur dioxide 
is passed into water 

$0:+H,0—>-H,80). 
Hence sulphur dioxide is an anhydride (Sec. 178), and 
because it unites with water to form sulphurous acid, it is 
called sulphurous anhydride. A substance, however, with a 
formula, H2SOa, has never been obtained, as the solution 
yields on evaporation only water and sulphur dioxide. 

165. Reducing properties of sulphurous ocld.—If a 
solution of sulphurous acid is left exposed to the air, the 
oxygen of the air unites with it to form sulphuric acid: 

: __ 2H:S03+0;—>2H:S0,, 
Besides, the acid withdraws oxygen from some of its com- 
pounds, reducing the compound and itself becoming 
sulphuric acid. If it is mixed, for example, with a dilute 
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solution of potassium permanganate, a strong oxidizing 
agent, the sulphurous acid unites with a part of the 
oxygen to form sulphuric acid, the permanganate being 
reduced to a colourless compound. 

166. Bleaching by sulphur dioxide and sulphurous 
acid.—When coloured flowers are placed -in a vessel of 
sulphur dioxide, the colour soon disappears, and it is 
thought in such bleaching that the sulphur dioxide unites 
directly with the colouring matter. The bleaching, how- 
ever, is not always permanent, as, when the bleached ob- 
ject is exposed to the air, the colour frequently returns. 
Sulphurous acid is used commercially to a large extent 
for bleaching woollen goods, straw, sponges, and silk, which 
would be injured by chlorine. In the process of bleaching 
the articles are damped and placed in a room in which 
sulphur is kept burning for eight hours or more. The 
sulphurous acid withdraws the oxygen from the colouring 
matter, and the substance becomes colourless. However, 
the colourless substance frequently regains in time its 
original colour. When straw hats, for example, turn 
brown and sponges turn yellow, it is simply a return 
to the state in which they were before being bleached. 
For this and other reasons, sulphurous acid is now 
being largely replaced as a bleacher by hydrogen per- 
oxide. 

167. Other uses of sulphur dioxide and sulphites.— 
By far the greatest quantity of sulphur dioxide is used for 
manufacturing sulphuric acid. But it is also used to de- 
colourize syrup, to preserve meat, and to fumigate sick- 
rooms. The sulphites are used for converting wood into 
pulp. , 

168. The sulphites.—Sulphites are formed by acting on 
bases with sulphurous acid. Except those of sodium and 
potassium they are only slightly soluble in water. 
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solution of a sulphite gives a white precipitate with barium 
chloride: 
K:S034+BaCt;—»>BaSO3+2KCl. . 

But on the addition of hydrochloric acid the precipitate 
disappears. This latter reaction distinguishes sulphites 
from sulphates, for barium sulphate is insoluble in acids. 
Sulphites can also be detected by the fact that they give 
off sulphur dioxide when heated with sulphuric acid. : 

169. Sulphur trloxide.—The method by which this 
oxide is formed has been already described (See. 162). 
It is usually a clear liquid which dissolves in water to 
form sulphuric acid: 

$03+H20—>HS0.. 

For this reason it is called sulphuric anhydride. 


SULPHURIC ACID, 11,50, 

“Sulphuric acid is without doubt the most important and 
useful acid known, as by its means nearly all other acids are 
preparcd, whilst [ty manufacture constitutcs one of the most 
important branches of modcra industry, owing to the great variety 
of purpoers for which it is needed, as there is ccarcely an ast 
or trade la which in some form or other it is not employed.” 

—Sir Heary Enfidd Rouoe 


170. Hietory.—The first to prepare this most important 
of all chemicals was an old monk of the fifteenth century, 
who obtained it by heating green vitriol, FeSO,.7H,0, For 
several centuries it was prepared in this way and was called 
oul of vitriol, About 1740, Ward, a quack doctor, first intro- 
duced the modern method into England. Having placed 
some watcr in the bottom of an immense glass bottle, he 
then suspended a red-hot ladle inside the bottle and 
placed in it sulphur and nitric acid. The sulphur was 
oxidized to sulphur trioxide by the nitric acid, and this 
oxide dissolved in the water to form sulphuric acid. Charge 
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after charge was placed in the ladle and the SUCCESsive 
quantities of sulphur trioxide thus formed dissolved in the 
water. By this new method he was able to reduce the price 
of the acid from six dollars to fifty cents a pound. Lead 
chambers soon replaced the more fragile glass bottles, and 
the price rapidly dropped until to-day it costs less than 
one cent a pound. Probably cight million tons are pro- 
duced annually. 

171. Properties of the acld.—Sulphuric acid, as it is 
sold in the market, is a syrupy liquid almost twice as heavy 
aswater. In this form it contains some water; in fact a pure 
substance answering to the exact formula, H2SQ,, is seldom 
seen, though it can be prepared. When water is added to 
concentrated sulphuric acid, so much heat is produced that 
it is possible by this means to raise the temperature high 
enough to produce steam. However, it is always safer to 
add the acid—a little at a time—to the water, as in this 
way the heat is generated more slowly and has a large 
mass of water to warm. It can readily be solidified by 
cooling. Its high boiling-point, 338°C., has much to do 
with its great value, as on account of this property it is 
able to expel acids with a lower boiling-point from their 
salts. (Sec. 145) 

172. Dehydrating actlon.—As sulphur trioxide is 
enormously soluble in water, a few drops of the latter 
dissolving a large bottle of the solid, we can be quite 
certain that strong sulphuric acid will be a good drying 
or dehydrating agent (Sec. 63). Indeed, if a bottle of the 
acid were left open, the acid would absorb water from 
the air until finally the liquid would overflow the bottle. 
It is thus one of the very best drying agents used in 
the laboratory. It not only absorbs water from 
the air, but also many substances containing hydrogen 
and oxygen as constituents are decomposed by it, the 


SULPHUR AND JTS COMPOUNDS 225 


hydrogen and oxygen being withdrawn in the proportion 
in which they are present in water. Sugar, for example, 
has a formula CisH2On, and when acted on by sulphuric 
acid only a black mass of carbon is left, the hydrogen 
and oxygen being completely removed as water. For the 
eame reason the acid chars wood, paper, straw, etc. In the 
same way it produces severe wounds when it comes in con- 
tact with the ekin. These wounds are sometimes pro- 
duced by spiteful people “throwing vitriol”. 

173. Action on metala.—We have already studied the 
action of the concentrated acid on copper (Sec. 160). 
‘The concentrated acid acts ina similar manner when heated 
with mercury, silver, lead, and tin, generating sulphur 
dioxide. When dilute, however, it liberates hydrogen 
when acted on by zinc, magnesium, or iron, as has already 
been observed in studying that gas (Sec. 46). On the other 
hand, gold and platinum are not attacked cither by the 
dilute or the concentrated acid. As lead is attacked by the 
acid only when a high concentration is reached, it is used 
to line the vessels in which the acid is manufactured. 
and platinum or glass is necessary only for the final con- 
centration. 

174, Test for sulphuric acid.—When barium chloride 
solution is added cither to sulphuric acid or to a solution 
of one of its salts, a white precipitate of barium sulphate is 
produced, which is insoluble in any of the common acids. 
This serves as a distinguishing test for sulphuric acid. 

175. Uses of sulphuric acid.—There is scarcely a 
Product that we use that has not required sulphuric acid 
in some stage of its preparation. The glass in the vessels 
keeps at the table had, as a component in its preparation, 

» which in turn was made by means of sulphuric acid 
The cerealsand vegetables we eat were : . 
Productive by superphosphat Sipwn.on seit made 

es and ammonium sulphate, 
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both prepared by means of this acid. The bakiug-powder 
used to make pastry light is composed of baking-soda 
and, possibly alum, which have both required this acid 
for their preparation. The match that kindles the fire 
contains phosphorus produced by the same acid. Our 
clothing has met the products of this acid at every 
turn. Cottons and’ linens are bleached by means of 
chloride of lime, and the chlorine that enters into the 
composition of this bleaching agent is derived from common 
salt, which is started on its course toward chlorine by the 
addition of sulphuric acid. The dyes which are manufactured 
(rom coal-tar products by the help of this acid, are made 
to adhere to the cloth by the use of mordant salts, which 
again are prepared by means of the same chemical. Gun- 
cotton, nitro-glycerine, dynamite, and cordite, the great 
explosives used in war, are all products of nitric acid, 
which itself is prepared by means of sulphuric acid. The 
hydrogen that fills air-ships, the many appliances dependent 
on the storage-cell, all owe their production to the same 
acid. In fact, one would not be far astray in stating that 
the industries of a country can be measured by the amount 
of sulphuric acid it uses. In the laboratory we have used 
it as (1) a drying agent (Sec. 102); (2) an oxidizing agent 
(Sec. 157); (3) an acid (Sec. 156); (4) a dehydrating agent 
and acid (Sec. 125); (5) and as an oxidizing agent and 
acid (Sec. 160). 

176. Manufacture of sulphuric acld.—We have 
already learned (Sec. 162) that, in the presence of a 
catalyst, sulphur dioxide and oxygen unite to form sulphur 
trioxide, and that it is only necessary to dissolve the 
higher oxide in water to produce sulphuric acid: 

2S02+02—>2803, 
SO3 + H2O—>H2SO4. 
These reactions form the basis of the methods by which 
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all the sulphuric acid of commerce is produced, There are 
two catalysts used at the present time and the methods 
according to the catalyst used arc called (1) the lead cham- 
ber method and (2) the contact method. 

(1) The lead chamber method.—The method of prepara- 
tion introduced into England by Ward (Sec. 170), 
developed into the lead chamber method, which is suill 


P. ioe 
Gays 


almost exclusively used there. Figure 47 1 

pearance ofa sulphuric acid iwan In ibecche poe 
(B), iron pyrites is roasted producing sulphur dioxid: : 
which with air and nitrogen peroxide, N,O, S lag 
through the Glover tower (G). This tower is filled » ith 
stones down which dilute sulphuric acid trickles, Thi 
sulphuric acid. which contains nitrogen peroxide dissolved! 
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in it, comes from the Gay-Lussac tower, (T), which wil| 
later be described, and before passing down the Glover 
tower is diluted with water. The hot gases passing up 
through the Glover tower withdraw the peroxide and 
part of the water from the acid. The mixture of gases 
then passes through several Jead chambers (C) into which 
steam is also being injected. Here the nitrogen peroxide 
acts as a catalyst, causing the sulphur dioxide to com. 
bine with the oxygen of the air to form sulphur tri- 
oxide, which immediately combines with the steam to 
form sulphuric acid. The acid rainsdown on the bottom 
of the lead chambers. The lead chambers of the factory are 
of immense size, one being large enough to enable 250 people 
to sit down to a banquet together. The nitrogen per- 
oxide, which is not destroyed during the operation, and 
the nitrogen of the air pass out through the pipe (P) 
into the Gay-Lussac tower. The purpose of this tower is 
to prevent the escape and loss of the nitrogen peroxide. 
To accomplish this, strong sulphuric acid trickles down 
through the tower over stones and dissolves the nitrogen 
peroxide from the ascending gases, so that only the use- 
less nitrogen escapes. This acid from the Gay-Lussac 
tower is then pumped over to the Glover tower where the 
nitrogen peroxide is withdrawn from it again as already 
described. As lead is not attacked by sulphuric acid, 
the towers and chambers are constructed of this metal, 
which is supported and strengthened externally by wooden 
supports. 

(2) Contact Method.—Until quite recently all sulphuric 
acid was manufactured by the method just described; but 
now a commercial method of using platinum as a cata- 
lyst has been discovered, and this new method, called the 
contact process, is rapidly ousting the older one. 
The difficult part of this process is to obtain the sulphur 
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dioxide and oxygen perfectly pure before passing them over 
the platinum; if not pure they “ poison" the platinum s° 
that it will not act catalytically. The sulphur trioxide 
formed is passed into a solution of sulphuric acid, where 
the oxide unites with the water to produce more acid. 
At Sulphide in Eastern Ontario, where pyrite is abundant 
for making sulphur dioxide, a large factory for manufac- 
turing the acid by this method is located. ; 

177. Sulphates.—The sulphates are prepared by acting 
with sulphuric acid on the metals, metallic oxides, hydrox- 
ides, and carbonates; also by heating metallic chlorides and 
nitrates with sulphuric acid. All the sulphates are quite 
soluble, except those of lead, calcium, and strontium, which 
are slightly soluble, and barium sulphate, which is insoluble. 
The eame test is used for soluble sulphates as for sul- 
phuric acid. 

QUESTIONS 

1, Why docs silver tarnish rapidly ia rooms where coal-gas is burned? 
{Sce. 188) 

2. Why do paints containing white load rapidly turn dark in factory 
towns? (See. 155) 

3. Describe how sulphur can bo obtained from hydrogen sulphide. 
(See. 187) 

/, 4. Why is sodium sulphate not used for preparing sulphuric acid, as 
sodium chloride is used for preparing hydrochloric acid? 

5. Sulphur dioxide and sulphurows acid are said to be reducing agents. 
Explain the statement aod give examples of their use as reducers. 
(Sees, 162, 165) 

6. What impurities would you o 

i uuwauiae ee 

7. Deserize the chai that occur when 
ordinary. Gcciesatarea ts lea boiling-point. rollealphur ls heated from 

& Mention reacté i 
agent. Write the ee hylrogen sulphide acts ae a reduclag 


9. A solid is known to be a sulphide, a sulphite, 
would you find out which ic ls? Geen 160, 163) te How 
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10. How can sulphur dioxide be distinguished from hydrogen 
chloride, hydrogen sulphide from hydrogen, and carbon dioxide from 
sulphur dioxide? State as many ways as possible. 


11. How can traces of hydrogen sulphide be removed from 
sulphur dioxide? (Sec. 157) 


12. Describe the processes that a piece of native sulphur undergoes 
before it is put on the market as flowers of sulphur. (Secs. 152, 153) 
13. If concentrated sulphuric acid is poured into water, why should 
it be poured slowly? (Sec. 171) 
14, A dish containing sulphuric acid is usually placed in the case of 
a delicate balance; also in a clock that keeps exact time. Explain 
why. (Sec. 172) 
1S. The industrial development of a country is said to be indicated 
by the amount of sulphuric acid used. Explain this statemert. 
(Sec. 175) 
16, Why will a rubber band stretched over a silver coin blacken 
it? (Secs. 154, 150) 
17. Why are egg-spoons usually plated with gold rather than 
with silver? 
18. When a chimocy takes fire, the fire is frequently ex- 
[ sicsuised by burning a shovelful of sulphur at the opening near the 
bottom of the chimney. Why is this donc? 
19. In sulphur springs is it sulphur that is dissolved in the water? 
Give a reason for your answer. (Sec. 165) 
20. What allotropic form of sulphur occurs in roll-sulphur and in 
flowers of sulphur? 
21, Starting with iron filings, sulphur, and hydrochloric acid, give 
nr: directions for making hydrogen sulphide. 
22. How can hydrogen sulphide be used to distinguish a zinc 
salt from a Icad salt, an antimony salt from a lead ealt? (Sec. 158) 
23. What advantages has sulphur dioxide as a bleacher? What 
advantages has chlorine? Compare the nature of the chemical 
action when cach bleaches, (Secs. 111, 106) 
24. If a bottle of sulphuric acid is left unstopped it increases in 
weight. Explain. 
2S. A silver coin weighs 2.48 grams and is ten per cent. copper. 
Calculate how many grams of copper sulphate and of silver sulphate 
can be made by converting the metals into their sulphates. 
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26, How many pounds of sulphuric acid can be produced from 100 


pounds of sulphur? 
27. An oxide of sulphur contains SO per cent. sulphur. Its density 
(ls 32 (M11). What is its formula? (Sec. 76) 
28. The density of sulphur vapour from, 860°C. to 1040°C. is 2.23 
7 (air=1). If ite atomic weight is 32 what is its formuls between these 
(cepperatures, (Sec. 76) 
29. What volume of oxygen measured at 20°C. and 750 mm. 
7 preasure is required to produce, (2) 1000 litres of sulphur dioxide at 
the earoe temperature and pressure, (6) 1000 grams of sulphur tri- 


CHAPTER XVI 
OXIDES, ACIDS, BASES, SALTS 


178. Oxides.—Oxides are formed by the union of 
oxygen with another element. A substance, however, that 
contains oxygen and two or more other elements is not 
generally called an oxide, but is given some other name. 
HgO, for example, is called mercury oxide, but HgNO, is 
called mercurous nitrate. It has been already observed 
that many oxides, such as those of mercury, tin, Icad, 
and sulphur, are formed by the heating of the clements 
in air, but some cannot be formed in this way. Oxides 
may be divided into several classes according to the 
nature of their chemical action. 

(a) Actdic oxides or anhydrides. These combine with 
water to form acids. Sulphur trioxide, SOs, and phos- 
phoric oxide, P20., are examples of this class, as they 
combine with water to form sulphuric acid and phos- 
phorie acid: 

SO;+H:0—>H:SO,, 
P30;+3H:20—>2HsPQ,. 


the great majority of these oxides are formed by oxygen 
combining with a non-metal. 

(6) Basic oxides are those which combine with water to 
form bases. An example is calcium oxide, CaO, which 
combines with water to form calcium hydroxide. 
Ca(OH:). The oxide, however, as well as the acid, is 
by some chemists called a base. Basic oxides also com- 
bine diractly with acids to form salts and water: 
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Zn0+H2S0.—>2ZnSOv+ H20. 


The basic oxides, which are generally Jormed by 
oxygen combining with ao metal are, with the exception 
of those of sodium and potassium, much less soluble in 
water than the anhydrides. : 

(0) Peroxides are oxides that have a greater proportion 
of oxygen combined with the metal than has the basic 
oxide: for example, NazO is the basic oxide of sodium, 
NaO2 if sodium peroxide; BaO is the basic oxide of 
barium, but BaQs is the peroxide. This character alone, 
however, is not enough to distinguish peroxides. When 
they react with acids, they produce cither hydrogen 
peroxide, H2O2, or water and oxygen: 

BaO:+H2S0,—>BaSOy+H202, 
2MnO2+2H2S0,—>2MnSO.+2H30+03; 


and when they are heated oxygen is generally produced. 
Hence, as they give up part of their oxygen readily they 
are usually strong oxidizing agents. 

(d) Indifferent or miscellancous oxides. This is simply 
a class in which to place those oxides that do not belong to 
any of the other three classes. 

179. Aclds.— 

“The history of tbe development of the terms acid, base, 
and salt furnishes caamples of the tyranny of phrases, Scheele 
called the new gas (chlorine) he discovered dephogisticated 
marine acid, and for many yeare every onc who cxamined 
this gas awumed it tobcanacid. Lavoisier 2. . inthe 
word onygen perpctusicd his view that this clement is the 
acid producer. The labours of a vast aumber of chemists 
doriog more than balf a century were required to Prove that 
Lavoluer had drawa a bouodary-line which docs not exist.” 

—~Patlison Muir 
The word acid is derived from a Latin word ocidus, 
Meaning sour. Vinegar was the acid best known to the 


234 CHEMISTRY 


ancients. The alchemists were much interested in acids 
on account of their great power of dissolving substances, 
as they believed that the baser metals must be dissolved 
before they could be converted into gold. Lavoi- 
sier thought that all acids contain oxygen, and it was for 
this reason that he gave oxygen its name, which is deriy- 
ed from the Greek word, oxys, acid, and the root, gen, to 
generate, and for many years this idea held the field, 
although many facts had been investigated showing that 
several acids did not contain this element. Finally Sir 
Humphry Davy propounded the hydrogen theory of 
acids, which scientific investigation has supported so 
completely that the fact that all acids contain hydrogen, 
has now become one of the best established facts of 
chemistry. 

Acids are formed by dissolving in water various sub- 
stances such as hydrogen chloride, HCI; sulphur dioxide, 
SO,; sulphur trioxide, SO3; phosphorus pentoxide, POs; 
carbon dioxide, CO2; or hydrogen sulphide, H,S. In 
some cases pure substances in which the oxide has 
combined with water can be obtained from the solution. 
For instance, when phosphorus pentoxide, P2Os, is dis- 
solved in water, a compound may be obtained with the 
composition P20s.3H20 (=2H3PO,). Similarly, on freezing 
sulphur trioxide solution, a compound of the formula 
S$03.H20 (=HzSO,) crystallizes out. Such solutions are 
generally said to contain the acids Hal?Q, and H2S0, 
respectively. 

On the other hand, from solutions of carbon dioxide, 
sulphur dioxide, and many other acids, compounds of 
the anhydride with water have never been isolated, but 
on account of the analogy with such oxides as sulphur 
trioxide and phosphorus pentoxide, it is customary to 
say that these solutions contain the acids HzCOs, 
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(=C02.H;0), H:S0s, (=S0;.Hz0), ete. Moreover, these 
formule have the advantage of being analogous to the 
formule of many of the commoner salts which the acids 
form, and which, being pure substances, have definite 
formule ascertainable by analysie, For example: 

H,S0; Hydrogen sutphite or eulphurous acid, 

Na3SO, Sodium sulphite, 

K3SO3_ Potassium sulphite. : 

The following are some of the most evident propestics 
of aqueous solutions of acids: 

(a) They taste sour, turn blue litmus red, make pink 
phenolphthatein colourless, and change the colour of other 
organic dyes. 

(b) They react with zine and, while they usually liber- 
ate hydrogen, in eome cases the hydrogen is not liber- 
ated, but reacts further with the acid. 

(c) Their hydrogen can be replaced by the various 
metals to form salts. 

(d) They conduct electricity. 

(e) They react on sodium or calcium carbonate with 
eflervescence. 

While some acids lack some of these propertics, and it 
may occasionally be difficult to decide whether a sub- 
stance is an acid or not, the acids studicd in an ele- 
mentary course have most of these characteristics well 
defined, and no difficulty will be experienced in identify. 
ing their acid character. 

Hydrogen chloride, nitric acid, and probably all other 
acide, if obtained quite free from water show none of these 
acid propertics. As a result of this fact having been 
only recently discovered, a little confusion has arisen as to 
whether the substances or the aqueous solutions should be 
called the acids, and up to the present the term is used 
for both. The most important characteristic of these 
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substances, from the chemical standpoint, is their ability 
to form salts by having their hydrogen replaced by 
metals. From sulphuric acid, H2SQ, is formed a whole 
series of salts such as NazSOs, K2SO4, ZnSOs, Al2(SO,4)3, 
and all other acids form similar series. 

Many common domestic substances contain acids. 
For example, vinegar, green fruit, lemons, grape-fruit, 
lime-juice, sour milk, canned tomatoes, taste sour. Many 
plants such as the buttercup, shamrock, oxalis, contain 
acids. It is well known, too, that from ants can be 
obtained a pungent acid, called formic acid (from the 
Latin formica, an ant). 

180. Bases.—Ashes were used from the earliest times 
for their cleansing properties, and substances that, 
like them, were caustic and dissolved grease, were 
called alkalies, a name derived from an Arabic word, 
meaning the ashes of a plant. It was early observed 
that substances of this kind when mixed with acids 
destroyed the acid properties of the latter. 

The oxides of the metals frequently unite with water 
to form bases, as was stated in Section 178. Solutions 
of bases in water have the following characteristics: 

(a) They feel smooth to the touch; have a characteristic 
taste, turn red litmus blue, colourless phenolphthalein 
pink, and change the colour of many other organic dyes. 

(6) They neutralize acids to form salts and water in 
the manner shown in the following equation: 

H2S0,+2KOH—>K2S0,4+2H20. 
It will be noticed that the metal of the base and the 
hydrogen of the acid change places. 

(c) They conduct electricity. 

(d) They are all solutions of hydroxides, having formula 
of the form M(OH), M(OH)2, M(OH)s, where M is the 
symbol for a metal. 
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While the bases of sodium, potassium, and ammonium are 
very soluble in water, the bases of the other metals are 
either slightly soluble, or quite insoluble. The soluble 
bases are called alkalies. 

181. Sales.—Salts have already been defined in de- 
scribing acids, as they are the substances formed from 
acids by replacing the hydrogen with metal. Like acids 
and bases their solutions conduct electricity. 

When an acid and a base are mixed in such a propor- 
tion that a solution is obtained which contains a salt and 
has none of the characteristics of either an acid or a base, 
the operation is called neutralization. 

182. Formation of salte.—One of the operations most 
frequently performed, whether in scientific research or in 
chemical industrics, is the preparation of a salt. Fre- 
quently during such an operation there is a second sub- 
stance formed; accordingly, the substances chosen to react 
must be of such a character that the salt can be readily 
separated from this other substance. The methods of 
preparing insoluble and soluble salts in solution are 
usually different, and will be considered first. 

(a) Formation of soluble salts in solution. The corres- 
ponding acid acts on (1) a metal, (2) an oxide, (3) an 
hydroxide, or (4) a ealt of a volatile acid. 

(1) 11:80.4Zn—>ZnSO.+H2. 
The hydrogen formed escapes and leaves only the salt, 
zinc sulphate, in solution. 

(2) 11:80.4Na,0—>NaS0.+H,0. 

(8) 11$0,+2NaOH—>NaS0.42H,0. 
As in both of these cases water is the other product, the 
fequired salt is the only substance in solution and can be 
readily obtained by evaporation, 

(4) HiS0.4+NayCO;—>NaS0.+H20+C0, 

HS0.+FeS—>FeSO.4 138, 
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Since H2S and COz are both gases they at once escape and 
leave the salt alone in solution. It would not do to react 
on sodium phosphate with sulphuric acid, 


3H2SO1+2Naz3PO,—>3Na2S04+2H3PO,, 


for a mixture of sodium sulphate and phosphoric acid 
would be present in the solution; and, as phosphoric 
acid is not volatile, it is very difficult to separate it from 
the salt. Accordingly, only salts of volatile acids, or salts 
of acids which quickly decompose into volatile substances, 
can be used. 

(b) Formation of insoluble salis in solution. — For the 
reaction there should be selected two soluble salts that will 
produce the required insoluble salt and a soluble salt. 
Suppose silver chloride is required, then a silver salt 
and a chloride are chosen, so that the second salt formed 
will be soluble: 

AgNOs+NaCl—>AgCl+ NaNOs. 
As silver chloride, AgCl, is insoluble and sodium nitrate, 
NaN0Os, is soluble, the required salt, silver chloride, can 
be separated by filtration. However, the method of 
preparing silver chloride represented in the equation, 
AgsSOu+ BaClo—> BaSOi+2AgCl, 
would not be practicable, as the barium sulphate. BaSOu, 
as well as the silver chloride, is insoluble, and it would 
be impossible to separate the two salts formed. 
(c) Combination of elements: 
2Na+Cl2—>2NaCl. 
S+Fe—>FcS. 
(d) Combination of an anhydride and basic oxtde: 
CO3+CaO—>CaCOs. 
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QUESTIONS “a 

1. Write equations showing the formation of sodium chlorid Ie. 
NaCl, in Si aany ways as you can, Use onty methods in which 
it can be readily ecparated from aay other substance formed at 
the same time (See. 182). 

2. What is meant by a volatile acid? Name several. 

3. How can you prepare an insoluble salt? 

4. What acid and what base yicld sodium chloride when they 
neutralize cach other? 

& Hf on acid is spilled on clothing, what kind of substance 
should be applicd to stop ite action? 

6. Whea a corrosive ach is pwatlowed, what antidote should be 
taken? 

7. Lime-water is taken by a person who is suffering from 
acidity of the stomach, Explain the action, 

8, When canned tomators taste too sour, a lithe soda (NallCO3) 
is frequently added, and a frothing ls at once observed. Explain 
the purpose of adding the soda and the cause of the frothing. 
Try tbe experiment. 

9. What weight of sulphuric acid is required to neutralize 20 
grams of sodium hydroxide? 

10. After neuteatizing a solution of sodium hydroxide with nliric 
acid, and evaporating the solution, there remain 100 grams of 
sodium nitrate. What weight of cach substance is used? 

1h. A solution containing 30 grame of hydrogen chloride in 100 
grams of water is mixed with a solution containing 30 grams of 
sodium bydroxlde im 100 grame of water, and the whole is boiled 
dry. What substance Is left aod what substances boil off? How 
much of cach? 


CHAPTER XVII 
THE COMPOUNDS OF NITROGEN 


183. Chill saltpetre.—In the northern part of Chili lies 
a peculiar geological formation in one of the most dreary 
and desolate desert wastes of the world. It extends in 
a strip about 2 miles wide for 260 miles, and from this 
ribbon of desert comes the greater part of the world’s 
supply of nitrates. Figure 48 shows a diagrammatic sec- 


Fic. 48.—Cuits Sactestar Bros 
of eand and pebbles, E. Layer of sand and pebbles cemented toget! 
ae i Cand Chui falipctre, F. Call layer, Layer of sadi sodium pire 
etc. = L. Layer of day and loam. NN. Bed rock. 


tion through the salt bed Under a loose layer of sand 
and pebbles (A) 2 or 3 inches thick lies a layer of the 
same materials (E), cemented together by salt and Chili 
paltpetre. Below this is a white stratum (F) from 1 to 5 
called ‘“‘caliche’ (ka-l¢’-che). The caliche 
iss a large quantity of Chili saltpetre, which is 
dissolved, filtered, recrystallized, and packed in bags to be 
shipped over sea. The origin of these saltpetre beds is 
rather uncertain, but their presence in Chili is possible 
only because the region is rainless. The saltpetre 
20 
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mines are owned almost entirely by British capitalists, 
and over 2,500,000 tons, valued at $50,000,000, are 
exported annually. While the sale is used in con- 
siderable quantitics for manufacturing nitric acid and 
ordinary saltpetre, the larger part is used as a fertilizer. 
Chili saltpetre is also called cubic saltpctre, and its 
chemical name is sodium nitrate, NaNOs. 

184. Ordinary saltpetre, nltre, or potassium nitrate 
has been known from very carly times. Where there 
is much organic matter in the soil, as in cattle yards, 
or near Eastern cities which have no sanitary arrange- 
ments, ammonia and ammonium compounds are formed, 
which are converted by bacteria into ordinary saltpetre. 
In these conditions, it gradually forms as a white 
incrustation on the surface of the soil. This incrus- 
tation is dissolved out by water and is recrystallized. 
In this manner, considerable quantities of saltpetre are 
produced in India and Persia, but at the present day 
by far the largest quantity is made by the action 
between solutions of sodium nitrate and potassium 
chloride: 


NaNOs+KCI—>KNO34NaCl. 


The sodium chloride and potassium nitrate are separa- 
ted from the solution by taking advantage of their differ- 
ent solubilities. Ordinary salipetre is used in making 
gunpowder and for preserving meat. 

185. Properties of the saltpetres.—Both the salt- 
Petres are very soluble in water, and on evaparation 
of the watce the crystals formed by the two are different. 
Sodium nitrate is deliquescent while potassium nitrate is 
nat. When they are heated they both melt, and at a 
higher temperature decompose into oxygen and the nitrite: 


2NaNOs;—>2NaNO02+0). 
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NITRIC ACID, HNO, 


186. History.—This acid has been long known, and 
was early called agua fortis, which means “‘strong water”. 
This name was given on account of its property of dissoly- 
ing silver and all the other metals except gold and plati- 
num. It was first prepared in the modern way by Glauber; 
while that careful English experimenter, Cavendish, pre- 


eer | 


Fic. 49.—Apramatus ron Maxine Nrraic Actp IN THe LABORATORY 


pared it from the air by a method that is just now be- 
ginning to be used commercially (Sec. 195). Cavendish, 
moreover, was the first to determine its composition. 


187. Preparation.—In the laboratory nitric acid is 
prepared by first mixing in a glass retort (Fig. 49) 
equal! parts of sodium nitrate and concentrated sulphuric 
acid, and then heating the retort gently; the nitric acid, 
being volatile at low temperatures, is distilled over and 
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condenses in a flask immersed in cold water. The 
usual reaction is expressed by the following equation: 
NaNOs+HzSO;—>NaHSO.+ HNO3. 

If the retort, however, is heated more strongly, a further 
reaction takes place, expressed by the following equation: 
NaNOs+NaHSO,—>NazS0u+ HNOs. 7 

But since the increased heat necessary to produce this 
latter reaction decomposes part of the nitric acid, usually 
only the first reaction is employed both in the laboratory 
and in manufacturing establishments. Commercially 
niteic acid is prepared from the same two substances as 
are used in the laboratory method. The mixture of 
sodium nitrate 
and sulphuric 
acid is charged 
into a retort 
(Fig. 50, A) 
made of cast 
iron, and as the 
retort is heated 
Fra. SO—Arranars roa Maxurscrvanes the nitric acid is 

‘A Gy leon extort aberve shih ison opcning for charcies driven over and 
=e condenses in a 

series of carthenware vessels, (B). Other methods of 
moanufacturing it from the air are described in Section 105. 
188. Propertles.—The pure substance, HNO,, has no 
action on metals or limestone. Generally, however, it is 
used diluted with water. Such a solution of the acid has 
a slight smell and acts vigorously on all metals except 
gold and platinum; but, untike other acids, no hydrogen is 
produced when it acts on a metal, execpt in the case of 
magnesium. In fact, the action on metals varies a good 
deal according to the conditions, a concentrated acid 
acting differently {rom one more dilute. This peculiar 
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action of nitric acid with metals depends largely on the 
fact that it is a very powerful oxidizer, and the hydro- 
gen replaced by a metal may be considered to be 
oxidized to water by the acid, which is, of course, 
reduced during the reaction. Considering two molecular 
weights of nitric acid to be H2O.N2O,, the nitric anhydride, 
N20Os, may be reduced by the hydrogen through any of the 
following stages: 

N20s—->N20,—>-N.0;—>2NO—- N2O—>Na—>2N H3. 
And any of these substances may appear as one of the final 
products, depending on how far the reduction of the nitric 
acid goes. For example, with dilute acid zinc gives nitrous 
oxide, N2O, copper gives nitric oxide, NO; with more con- 
centrated acid zinc produces ammonia, NHs, while copper 
liberates nitrogen peroxide, N2O4. Thus we sec it is quite 
impossible to express by an equation what the reaction 
may be when nitric acid and a metal react, for the re- 
action may vary a great deal during the progress of a 
single reaction, since the strength of the acid is continu- 
ally decreasing. 

Nitric acid, as has been stated, is a powerful oxidizing 
agent; accordingly, it reacts on some non-metals, convert- 
ing them into their highest oxidation product. Sulphur, 
for instance, is converted into sulphur trioxide, SO3, and 
phosphorus into phosphoric oxide, P2Os. Hence when 
fuming nitric acid acts on sulphur or phosphorus, sul- 
phurie or phosphoric acid is formed, the oxides uniting 
with the water present. 

The decomposition of nitric acid by strong heat can be 
demonstrated as follows: A long-stemmed clay pipe is 
held obliquely with the end of its stem placed under the 
mouth of a bottle of water inverted in a vessel of water. 
The stem is heated until it is red and then a few drops 
of nitric acid are poured into the bowl. As the acid flows 
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through the hot part of the stem it is decomposed and 
oxygen collects in the bottle: 
4HNOs—>4NO,+2H104 02. 

189. Nitrates.—The nitrates crystallize well and are 
all soluble in water. They can all be decomposed by heat. 
The manner in which potassium and sodium nitrate 
decompose has already been explained (Sec. 185). 
On heating nitrates of lead, copper, and barium, oxygen 
is also formed, but the residue is not a nitrite, but 
an oxide, The decomposition of lead nitrate is expreased 
by the equation: 

2Pb( NOs); —-»>2PbO+4 NO, +02. 
The gas, NOz, formed during the reaction, is called nitro- 
gen peroxide. Metallic nitrates can be formed by the 
action of nitric acid on metals, oxides, hydroxides, or 
carbonates. Silver nitrate is used in photography, the 
nitrates of lead, iron, and aluminium in dying, and 
those of barium and strontium for fireworks. 

190. Tests for nitric acld and nitrates.—(1) Ifa 
piece of copper is dropped into nitric acid or into a 
nitrate mixed with concentrated sulphuric acid, brown 
fumes are produced, 

(2) Aconcenteated solution of ferrous sulphate is shaken 
with nitric acid or with a solution of a njtrate, and the 
solution is cooled. A drop of this solution is then put 
on a sheet of glass which covers a piece of white paper, 
and a drop of concentrated sulphuric acid is placed 
beside the first drop. The formation of a brown cotour 
where the two liquids mect is a certain and delicate test 
for a nitrate. 
oak Commerce tmpormnce of atte aclé—Ex 
Now, aa ‘plesion ua ds to th iphevseaman amare 
under Pressure. Accordi Wv. pay merited cgi of gee 

. nalv. an explosive is usually a 
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substance that, when it explodes, produces large quanti- 
ties of gases and much heat; moreover, if these gases are 
confined within a small space, as in a shell, they produce 
great pressure which the container is not able to resist, 
and the contents are violently projected. 

(1) Gunpowder has the following composition: 75 per 
cent. potassium nitrate, 10 per cent. sulphur, and 14 per 
cent. charcoal. The chief substances produced on ex- 
Plosion are carbon dioxide, nitrogen, and potassium 
sulphide; and since the latter substance is a solid a smoke 
is produced. Indeed, if any metal forms part of one 
of the ingredients of an explosive, its compounds will 
be almost always solids, and the explosive will not be 
smokeless. 

(2) Gun-cotton, or nitrocellulose, is made by acting on 
cotton wool with nitric acid. It is a very powerful 
explosive used in torpedoes and mines. 

(3) Nitro-glycerine—All are familiar with the sweet 
syrupy liquid, glycerine, formed as a by-product in the 
manufacture of soap. When glycerine is acted on by 
nitric acid, nitro-glycerine is produced. It is an oily liquid 
and a dangerous explosive. Dynamite is composed of a 
fine earth impregnated with nitro-glycerine, the earth act- 
ing as a carrier which makes it less likely to expiode and 
hence less dangerous to handle; the fine earth is fre- 
quently replaced by sawdust. Smokeless powder, or cor- 
dite, is composed of a mixture of gun-cotton and nitro- 
glycerine. Since each of the components of cordite is 
composed of carbon, hydrogen, oxygen, and nitrogen, 
only gases are formed during the explosion and hence no 
smoke is produced. 

(4) Picric Acid, or lyddite—Carbolic acid, which is so 
well known as a disinfectant, is a product obtained from 
coal-tar (Sec. 134). When carbolic acid is acted on by 
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nitcic acid a yellow crystalline solid, picric acid, is pro- 
duced, which is a violent explosive aalled | by various 
names in different countries. In England it is called 
lyddite. It is used extensively in high-explosive shells, 
which played such an important part in the Great War. 
However, frinitrotoluene, another nitric acid product, is 
now largely replacing lyddite in high-explosive ehclls. 


OXIDES OF NITROGEN 


There are five oxides of nitrogen, three of which are 
anhydrides, corresponding to the three oxygen acids of 
nitrogen. 


Corresponding | Formula 
acid 


Name of azide Formula 


SUN Ose seaise 


Nitrous onide. , Hyponitrous... .' 
Nitric oxide. . NO 

Nhrogen trloxide. NgOy ...... 
Nitrogen peroxide... | NzO, or NO3 
Niteogea pentoxide...) NyOs «2... 


Nitwous......., NNO, 


All of these oxides are endothermic compounds. 
192. Nitrous oxlde.—Nitrous oxide ix formed by heat- 
ing ammonium nitrate: 
NH,NOs—>N20+2H,0. 
It is a cotourtess gas, and since it is fairly soluble in 
water, it ia best collected over hot water. Hyponitrous 
acid cannot be formed by dissolving nitrous oxide in water, 
as such a solution has no acid properties; but the fact 
that ptegand eda on decomposition, breaks up into 
nitrous oxide and water would justi: i i 
piri psd justify us in calling the 
112N30;—>-N,0+H,0. 
The gas has been long known, having been prepared 
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before oxygen. If it is inhaled it produces unconscious. 
ness and hence is used much by dentists during the ex. 
tracting of teeth. However, if it is inhaled in too great 
quantities, it causes death. But if it is inhaled with 
oxygen the effects are so remarkable that it has long 
been called ‘laughing gas”, though the inhalation does 
not always cause the intoxicated person to laugh. For 
example, the late Sir Henry Roscoe described a chemical 
debauch at the close of a laboratory lesson, when all 
who wished became intoxicated with nitrous oxide. The 
laboratory assistant just sat on a box and made a scries of 
the most excruciating grimaces; while Watts, the author 
of the great dictionary of chemistry, danced about in a 
high state of exhilaration, clicking his thumbs in great 
delight; on the other hand, Fox, a Quaker, desired to fight 
everybody and finally succeeded in pummeling an excise- 
man. Fortunately, the effects lasted only a few minutes, and 
when all came to, the Quaker was almost as surprised as 
theexciseman. For use as an anesthetic the oxide is put 
up in the liquid form in cylinders. 

This gas supports the combustion of wood, phosphorus, 
sulphur, etc., almost as brilliantly as oxygen: 

C+2N20—>CO2+2Nz2. 

193. Nitric oxlde.—Nitric oxide is best prepared by 
acting on copper with nitric acid diluted with an equal 
volume of water. We may consider the reaction as tak- 
ing place in two stages; first, the copper and nitric acid 
react, the metal replacing the hydrogen: 

2HNO3+Cu—>Cu(NOs)2+[2H]. 
Then, the hydrogen reduces more of the acid: 
2HNO3+6H—>2N0+4H20. 
As has been said already, this method of viewing re- 
actions as taking place in several stages, is sometimes 
useful in connecting the reaction in the mind with other 
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reactions but, of course, the whole reaction is a unit, and 
all that we really know are the reagents we begin with 
and those finally produced. Since there is no sign of 
hydrogen being present in any stage of the reaction we 
have written the symbol in square brackets {2H}. 

Nitric oxide is a colourless gas, only slightly soluble 
in water, and very difficult to liquefy. Wood and sulphur 
will not burn in it, nor will phosphorus unless ic is burn- 
ing vigorously before it is brought into the gas. Its 
most characteristic property, however, is that of sponta- 
neously uniting with oxygen to forma brown gas, nitrogen 
peroxide. Hence when a bottle of it is allowed to dif- 
{use into the air, a brown vapour is produccd, as the 
nitric oxide at once unites with the atmospheric oxygen. 
Indeed, this change in colour is an excellent test for both 
it and oxygen. 

1s. Nitrogen peroxide.—As has just been stated, 
nitrogen peroxide is the brown gas formed by the union 
of nitric oxide with oxygen. It is also formed when the 
nitrates of the heavicr metals such as copper or lead are 
heated (Sec. 189). It dissolves readily in warm water, 
forming nitric acid and nitric oxide: : 

; 3NO.+H,O—>2HNO3+NO. 
If @ jar partly filled with nitric oxide is collected over 
water and oxygen is gradually passed into it, the gas i 
the jae becomes coloured brown and, even thou, h ess 
is being added to it, it shrinks in volume. Pricatl Sid 
when he first performed the experiment: “I hard! 2 eas 
any experiment that is more adapted to amaze acd had 
Prise than this, which exhibits a quantity of ai Spal 
oxide) which, as it were, dev Ye alt cautne 

rs . + Gevours a quantity of 

kind of tity of another 

of air (oxygen) half as large as itself”. Th 
Planation is, of course, that the nitrogen Toside dic, 
solves in the water as fast as it is formed. ver ee 
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This gas acts in a remarkable manner with change of 
temperature. While below -10° C. it is a colourless 
crystalline solid; at this temperature it melts to a liquid 
which, on being steadily heated, first becomes pale green- 
ish-yellow, then distinctly yellow, then orange, and at 
22° C. boils, producing a yellowish-brown vapour which, 
with a further rise of temperature, becomes darker, and 
at 140° C. is almost opaque; at higher temperatures still 
it again becomes paler, and at 620° C. is colourless. As 
the colourless gas is cooled, it assumes all these colours in 
the reverse order. The light coloured gas has the formula 
N2Ou, the gas begins to turn darker because the NoOy 
begins to decompose into NOz, and the substance of this 
formula is coloured deep brown: 

N20i—>2NO2. 
The more of this latter gas there is formed the more in- 
tense becomes the colour, so that at 150°C. the gas is all 
NO. Again, at higher temperatures the nitrogen peroxide 
decomposes into nitric oxide and oxygen, which are 
both colourless. The whole series of reactions that take 
place as the gas changes when heated, from light yellow 
through deep brown to a colourless gas, and the reverse 
reactions that take place when the colourless gas is cooled, 
are represented by the equation: 
N20,£—>2NO;4—=52N0+02. 

195. The new method of manufacturing nitric 
acid.—The Chili saltpetre beds have been the great 
source of nitrates for the world. The increased demand 
for nitrates as fertilizers would indicate that that source 
of supply will in a measurable time be exhausted, and 
there has been great anxiety in industrial circles as to 
future supplies. Fortunately, during the last few years, 
chemists have solved the problem. Cavendish per- 
formed the following experiment in 1785: He arranged 
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apparatus something like Figure $1. The goblets and 
inverted tube contained mercury, and the terminals of 
an electrical machine were dipped in the mercury in the 
goblets, then electric sparks were passed through the air 
column left in the upper part of the inverted tube, and 
soon a brown gas appeared. Water was then passed 
up above the mercury and the brown gas dissolved in 
it to form nitric acid. The reaction was as follows: 
The spark raised the tempcrature of the air through 
which it passed tosuch a high temperature that some of the 
oxygen and ni- 
trogen united to 
form nitric ox- 
ide, which in the 
cooler part of 
the tube com- 
bined with more 
oxygen to form 
nitrogen  per- 
oxide, and this 
dissolved in 
water to form . . 
nitcicacid. That Fr $!-—Cavmens's Bartanceey 


5 ecto Neruc Ac 
expenment per- The gebdicts contain encrcery. 


formed almost 150 ycars ago is just now. beginning to 


bear fruit in the industrial world. For if air is made hot 
enough, ite two componcats, oxygen and nitrogen, take 
fire and burn. The required heat is obtained in the are 
between two electrical terminals which are inclosed in a 
tube. Through this arcair is forced, and the gases formed 
are passed into water or lime-water, when nitric acid or 
calcium nitrate is formed. As Britain controls the entire 
supply of Chili saltpetec, Germany, during the Great 
War, depended very largely on nitrate manufactured 
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clectrically from air to produce her explosives and to 
fertilize her fields. 


AMMONIA, NHg3 


196. History.—Ammonia has been known from very 
carly times, as it is formed naturally during organic decay, 
and its odour is common about stables. The name 
seems to have some connection with the temple of 
Ammon, a famous shrine in one of the oases of western 
Egypt, where perhaps ammonia was made by heating 
refuse matter. Undoubtedly it was prepared very early 
in Egypt by distilling the boues,_hoofs, and horns of the 
_-Malive animals, and accordingly it was called spirits of 
hartshorn. Only solutions were known until Priestley 
succeeded in collecting the gas in his pneumatic trough 
over mercury. 

197. Preparation.—Most organic matter contains 

itrogen_and hydrogen, and when it is destructively 
distilled these two Ste Ce eee ean enes 
CNAs.) he great source of supply, however, F 
which, when distilled to produce illuminating gas, liber- 
ates great quantitics of ammonia. This is dissolved in 
water to form ammonia solution. 

In the laboratory it is usually prepared by mixing to- 
gether ammonium chloride ‘ and slaked lime, and heating 
them: 
2NH4Cl+Ca(OH)2—>CaCh+2N H3+2H20. 
Ammonium sulphate or nitrate may be substituted for 
the chloride, and sodium or potassium hydroxide may 
replace slaked lime. Another excellent method of pre- 
paring ammonia is heating ammonia soluppn. This 
method is largely used in boratory. As the gas is 
lighter than-air-and_soluble in-water-it_must-be collected 
by.the displacement.of_air,-er-over_mercury. 
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198. Propertles.—Ammonia is a colourless gas with a 

pungent_smell. lt is more soluble in water than any 

1 fitre of water dissolving over 1100 Titres or 
the gas. All the dissolved gas can be driven off by boil- 
ing the solution. The gas is readily converted into a 
liquid, and 1 gram of the latter, on evaporation, absorbs 
over 300 calories of heat, the heat of vaporization being 
greater than that of any other liquid except water. On 
account of its easy liquefac- 
tion and its great heat of 
vaporization, it is used very 
largely ing cold 
and. i ion. 

It neither burns) 
supports combustion, but if 
a jet of it is lightod in axygen 
it bums with a large yellow 
flame. 

The apparatus illuurated in 
Figure &2 can be used to show 
thin The flack contains om- 
monia solution which fs kept 
Lolling. Oxyzea ls pavecd down Fic, S2-—Arrssarys roa Bewsen 


into the flask; the misture of sesczee ts heentes Ua her ashy 
gases, as 11 isuce from the mouth emd osyere bs —— ‘ brows 
of the flask, Is ignited and contin- eter a 


ucs to burn. 

When clectric sparks are passed through the gae for 
some time, a‘ partial decomposition into the elements 
takes place; again, if electric sparks are passed through a 
mixture of nitrogen and hydrogen in the proportions 
in which they are present in ammonia, these gases com 
Dine partially to form ammonia. This is, accordingly, 


an excellent cxample of a reversible reacti 
to equilibrium: a —». pa 
N2431hQ[—=2NHs. 
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For it matters not whether we start with the elements or 
the compound, when we pass electrical discharges through 
the gases for some time we obtain the same proportion of 
the three substances. Usually there is about 2 per cent. 
of ammonia. If, however, an acid is put in contact 
with the gases, then as quickly as ammonia is formed, 
it is absorbed, and, its concentration being kept at zero, 
the reaction proceeds until the elements have wholly 
combined. 

199. Ammonia solution and ammonium salts.—A 
solution of ammonia in water, called liquor ammonia, is 
the form in which we are most familiar with the sub- 
stance. Tis Taig naatsallaee ecide’ to’ form salts jus 
as does sodium or potassium hydroxide, and the salts, in 
their properties, are very much like the corresponding 
salts of sodium and potassium. The following table shows 
the formule of some common salts formed in this way, 
with the corresponding sodium and potassium salts: 


NH,Cl NaCl KCl 
NHaNOs NaNOs KNOs 
(NH4)2S04 NaeSO, KeSO, 


The group NHsz is a radicle (Sec. 84) called ammontum, 
and is very similar in its chemical action to sodium 
and potassium. Moreover, on account of the solution 
of ammonia acting quite similarly to solutions of potas- 
sium and sodium hydroxide and forming similar salts 
with acids, the formula is writtcn similarly to that of 
sodium and potassium hydroxide, NHsOH. Ammonium 
hydroxide solution, just like the other alkalies, feels smooth 
to the touch and turns red litmus blue. Usually, how- 
ever, pure ammonium hydroxide cannot be obtained by 
evaporating the solution as can the hydroxides of sodium 
and potassium. Nevertheless, in 1909, the hydroxide 
NH,OH, was obtained in the form of needle-shaped 
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° 
crystals, but only at the very low temperature of ~81 G 

When heated, the ammonium falls are all volatile 
some (the nitrate for example) decompose into consti- 
tuents that do not unite again on cooling. Others change 
into substances that unite again as the temperature 16 
lowered, and are said to dissociate, Examples of this are 
ammonium chloride, which dissociates a8 follows: 

NH,CIS=$NUa+HCl, 
and ammonium carbonate, used in smelling salts, which 
dissociates at ordinary temperatures into ammonia, water, 
and carbon dioxide. 

200. Commercial importance of ammonia ond 
ammonium salts.—The “gas liquor’ from the gas- 
plane is usually heated, and the ammonia that comes off 
is passed into sulphuric acid to form ammonium sulphate. 
This salt forms the basis from which the other ammo- 
nium salts are formed. As liquor ammoniz or ammonia 
solution is an excellent solvent for oila and grease, it is 
used in the home for cleaning. Houschold ammonia is in 
fact only a dilute solution of ammonia with a small amount 
of soap dissolved in it. Ammonia is also used in the 
preparation of alum, soda, aniline colours, and indigo. 
By fae the most important salt of ammonia, however, 
is ammonium sulphate, extensively used a8 a fertilizer. 

201. Test for ammonium compounds.—Any am- 
monium salt, when mixed with petagium hydroxide and 
rit gives off ammonia, which can be detected by its 

jour. 


NITROGEN CHLORIDE 


202. Nitrogen chloride.—Nitrogen chloride is pro- 
bably the most dangerous explosive known, as it deton- 
ates with the slightest disturbance, or Qpparendly with 
none at all. When Dulong, who first Prepared this liquid, 
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was holding the tube containing it in one hand, 
it exploded with terrific violence, blowing out one eye 
and shattering three fingers. He pluckily continued 
his investigation and resolved to keep all knowledge of 
such a dangerous substance to himself, in order that 
nobody else should be injured by it. Faraday, a few 
years later, was knocked senseless while experimenting 
with the same substance. Fortunately he had a glass 
mask on at the time, so that his chief wound was duc to 
some glass cutting his fingers. 


QUESTIONS 


1. Why cannot nitric acid be used with metals to prepare hydro- 
gen? 

2. What reactions that come to equilibrium take place when 
concentrated sulphuric acid is poured upon sodium nitrate? In 
which direction is the equilibrium displaced by heating the 
solution? 

3. State the reason why hydrochloric acid cannot replace sulphuric 
acid in the preparation of nitric acid from Chili saltpetre. 

4. Which of the following could be used for drying ammonia: 
sulphuric acid, phosphorus pentoxide, calcium oxide, potassium 
hydroxide? Give reasons. 

5. If 1 gram of water dissolves 1298 c.c. of ammonia at N.T.P., 
what weight of ammonia will it require to saturate 5 grams of 
water? : 

G. How many litres of oxygen are required when 10 litres of 
nitric oxide are converted into nitrogen peroxide? 

7. How many grams of nitrous oxide can be prepared from 20 
grams of ammonium nitrate? What volume docs the gas occupy 
at 10°C. and 950 mm. pressure? 

8. What is the weight of 112 litres of ammonia measured at N.T 
P.?) What volume at N.T.P. will 32 grams of ammonia occupy? 

9. How can nitrous and nitric oxide be distinguished? How can 
oxygen and nitrous oxide be distinguished? 

10. If a liquid is known to be a solution of either sulphuric. 
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niteic, of hydrochloric acid, how would you tell which it is? Give 
different methods of identifying it. 

11. Cavendish, by passing clectric sparks through air and then 
dissolving the gas produced in water, obtained nitric acid. Write 
the equations capressing the reactions. 

12. Starting with soft coal and sulphuric acid, state the process 
by which ammonium sulphate could be produced. 

13, Write formulx for the following substances: ammonlum 
sulphate, ammonium phosphate, ammonium sulphite, ammonium 
perchlorate, ammonium hydroxide, ammonium fodide. 

14. Write names for the substances having the following formula 
NH gNOZ (Ng) gPOq, NU UICOs, (NIg)3S0g, NH4CIO, NIg§KCO, 


CHAPTER XVIII 
THE ALKALI METALS 


“A small piece of potash . . . was placed on insulated 
platina connected with the negative side of the battery 
and a platina wire communicating with the positive side wae 
brought in contact with the upper surface of the alkali 
There was a violent effervescence at the upper surface; at the 
lower . . . small globules having a high metallic lustre, 
and being precisely similar in visible characters to quicksilver, 
appeared, some of which burnt with explosion and bright 


flame.” : 
—Sir Humphry Davy, 1807 


203. Elements are divided into groups.—Up to ul 
present we have considered each element as quite di 
tinct in its properties from others, except that in de 
cribing sulphur we stated that it resembled oxygen som 
what in its action (Sec. 150). If each element were u: 
related in its properties to all the others, the study « 
the elements would put a very severe tax on the memor: 
and chemistry would consist of a great mass of disco 
nected facts, instead of the groups of correlated facts thi 
one looks for in a science. But happily such is not tt 
case, for all the elements can be arranged in groups, tl 
members of each group closely resembling one anoth 
in their properties; so that if one learns the chemistry « 
a single member of cach group he can successfully pri 
phecy the chemistry of the other members of the grou 
Up to the present, however, we have been studying onl 
members of different groups, except in the case of su 
phur and oxygen; now, however, we shall study tw 
members belonging to the same group, and it will be quit 


evident how closely they resemble each other. 
28 
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204. The group of the alkalles.—The five elements 
of the alkali group are metals, and the following table 
shows how certain properties change regularly with in- 
crease of atomic weight: 


Meltiog- Doiling- | 

point point | 

186° C. 1400° C. | 

s eee fi . 97°C, 877°C. | 
Potassium... ; . 62.5°C.] 700°C. | 
jRubidium. . . “ 39.5°C,} G96°C. ; 
leaesium . H . 20.8° C. 070° C. i 


All these clements are silvery white, can casily be cut 
by a knife, decompose water when thrown upon it, and 
bum in oxygen. Furthermore, they are all univatent, 
their hydroxides are strongly basic, their salts arc mostly 
white, soluble in water, and those of the same acid closely 
resemble one another in many respects. If the names of 
the salts with a list of their properties were arranged 
in a table like the one given above, it would be 
found that there would be as regular o gradation as 
there is for the elements themuclves, with occasional ex- 
ceptions like the specific Bravity of potassium in the 
above list. Hence, if one knows the propertics of one of 
the elements and the positions of the others in the Group, 
the propertics of all can be foretold with a fair degree of 
certainty. We shall study the two most important mem- 
bers of the group, sodium and potassium, 


S SODIUM 

5. Historical.—Sodium hydroxide was | 

sidered to be an clement, and it was not until 1807, when 
Sir Humphry Davy performed his epoch-making experi- 
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ment, described in his own words at the head of this 
chapter, that this clement together with potassium was 
‘obtained. He electrolysed a small piece of sodium 
hydroxide and the metal appeared at the cathode. 

206. Preparation.—Sodium is prepared in a manner 
very similar to that in which Davy originally prepared it; 
for the hydroxide is fused and then clectrolysed, when 
oxygen collects at the anode and hydrogen and sodium 
at the cathode. 

207. Properties of the metal.—Sodium is a soft metal 
of a silvery-white metallic lustre, which quickly oxidizes in 
the air to form one of the oxides; its action on water has 
been studied already (Sec. 41). As the density of the 
vapour is about 11.5 times as great as that of hydrogen, 
its molecular formula in the form of a gas is Na. 

208. Oxides.—There are two oxides, Na2O and Na2Qz; 
the latter, called sodium peroxide, is of most importance. 
When sodium burns in air a mixture of the two oxides 
is formed, but when oxygen is passed over heated sadium 
it is largely the peroxide that is formed. The action of 
this latter oxide on water has been already studied (Sec. 
15). If, however, the temperature of the water, which 
reacts with the peroxide, is kept low, not oxygen, but 
hydrogen peroxide is produced: 

Na2O.+2H20—>H202+2Na0H. 

209. Sodium hydroxide.—This strong base, com- 
monly called caustic soda, has been mentioned frequently 
already. When sodium acts on water a solution of it is 
formed. It is manufactured in several ways. (1) By 
the electrolysis of a solution of common salt. This 
method has been fully described in Section 116. (2) 
By acting on a solution of sodium carbonate with slaked 
lime: 

NagCO3+Ca(OH).—>2NaOH +CaCOs. 
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As the calcium carbonate is insoluble, and the sodium 
hydroxide is very soluble, they can be readily separated by 
filtration. Sodium hydroxide is generally sold for use in the 
laboratory in the form of white sticks, which not only 
dissolve in water but, if exposed to the air, rapidly 
deliquesce and in time entirely dissolve in the absorbed 
water. It-is a dangerous substance, as it corrodes the 
flesh and injures clothing. Great quantitics of it are re- 
quired for the formation of ordinary soap. It is now 
manufactured at Windsor, Ontario, where a large estab- 
lishment has recently been constructed, in which caustic 
soda, together with chloride of lime, is prepared by the 
electrolysis of salt solution. 

210. Manufacture of soap.—Soap isa sodium salt of 
certain acids, called fatty acids, obtained from fats. The 
reaction may be expressed in this way: 

Fat+sodium hydroxide—>-soap+glycerine. 

The fat is first melted by means of steam in large vats, 
then sodium hydroxide is added and the mixture heated 
for from one to two days, when a strong brine is added 
and, as soap is insoluble in brine, the former rises to the 
top, while the glycerine remains in the brine. The soap 
is now skimmed off, and after purification and perfum- 
ing, is made into cakes or bars. 

211. Sodium carbonate.—After sulphuric acid, sodi- 
um carbonate is the most important chemical. When it 
is mentioned that almost all glass and soap require it 
for their manufacture, it is easy to understand what vast 
quantitics of it are used. Besides, it is used as washii 
soda and for making baking-soda and baking-powd app 
well as for making many cleaners used in the hu Mery 
Almost up to the nineteenth century it ea reaeay 
pared by burning sca plants. Duri largely pre- 
wars, however, as France w. mae the Napoleonic 

. ‘a8 Cut off from her source of 
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supplies, sodium and potassium carbonate being largely. 
prepared in Britain and America, Napoleon offered a ite 
of $20,000 to the chemist who would discover a commer. 
cial method of Preparing it from common salt. N. 
Leblanc won the prize, and his method has been largely 
used ever since. However, about 1870, Solvay, a Belgian, 
perfected a more economical method which has partially 
driven the Leblanc process out of the field. Again, 
within recent years the electrolytic method threatens to 
make inroads upon both the older methods. 


= HG 
LULL 
Wy yf ‘| 


fc 


Fic, 53.—Biack Asi Fuasace 
The salt and sulphuric acid are placed in the basin on the richt and later ace raked 
forward on the reverberatory furnace. The hydrogen chloride cscape]s by the 
chimacye above. 


(a) Leblanc process. This depends on the following 
reactions: 
2NaCl+H2S0,—> Na2S0,+2HCl. 
NagSOy+2C—>Na2S+2CO3. 
Na,S+CaCO;—>Na,CO3+CaS. 
The process takes place in two stages. The mixturc of 
common salt and sulphuric acid is placed in a basin 
(Fig. 53) under which is a furnace. The hydrochloric acid 
is partially driven off here, and thea the mixture is raked 
forward, where it is subjected to a much more intense 
heat from the furnace, until only sodium sulphate is left. 
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The sodium sulphate, called salt-cake, is mixed thoroughly 
with coal and lime and transferred by means of a car, 
(Fig. 64) toa cylinder to be heated. The furnace is at the 
left; the burning gases from the fuel pass through the 
cylinder to the right, which is kept rotating so that the 
ingredients may be thoroughly mixed. Afterwards, the 
mixture, called black ash, is taken out by means of the car 
beneath the cylinder. As the calcium sulphide is insoluble in 


Pre. St —Rorat : 
AIT FURNACE fH Reig} BALTCAke 98 Contare, ono. 


‘Thee fermace $9 01 the beft. 
faaaee fe ae nl fae Saar AS Petation colinder crinery the malt-cake, 


water, the sodium carbonate is rated by dis ing i 
in water. There are several valenbte eeihernn 
Process: Hydrochloric acid, which is used for mam tating: 
ing chlorine and bleaching-powder, and sulphur, which ii 
extracted from the calcium sulphide and utilized to i: 
facture sulphuric acid. A factory used for manulactariag : 
ripe by Leblanc’s process is called an alkali factory, bed: 
usually a very large establishment with buildings for 


manufacturing chlorine. i 
a arr ig chlorine. bleaching-powder, sulphuric acid, 
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(6) Solvay’s Process.—In this process ammonia and 
carbon dioxide are passed into a strong solution of 
common salt, and sodium bi-carbonate, NaHCOs, as it i, 
only sparingly soluble in water, settles to the bottom. 
By treating with lime the ammonium chloride remaining 
in the solution, the ammonia is driven off and can be 
used over and over again. Again, if the sodium bicar- 
bonate is heated, it is converted into sodium carbonate 
and carbon dioxide: 

2NaHCO3—>NazCO3+CO2+H20. 
The carbon dioxide can again be utilized in manufac- 
turing more soda. Accordingly, in this process the only 
chemicals that have to be renewed are sodium chloride 
and a part of the carbon dioxide, which are both 
cheap. 

This method can be illustrated in the laboratory by 
making a saturated solution of common salt in ammo- 
nium hydroxide solution, and passing carbon dioxide 
into the solution for an hour, when a white precipitate 
of sodium bicarbonate will settle to the bottom. 

(c) The electrolytic process. This consists in making 
sodium hydroxide by the method already described in 
Section 209, and treating a solution of it with carbon 
dioxide: 

2NaOH+CO2—>NazCO03+ H20. 

212. Sodium chloride and sodium nitrate have 
been already dealt with in Sections 96-99, and 183. 

The phosphate, sulphite, bromide, iodide, and chlor- 
ate, are white salts, soluble in water, which can be pre- 
pared from the carbonate by adding the corresponding 
acids. 

213. Test for sodium.—Sodium or any of its salts 
when placed in a colourless flame gives it an intense 


yellow colour. 
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POTASSIUM 


214. The Stassfurt salt beds.—Near the neh oe 
man town of Stassfurt, about 80 miles emete aon 
Berlin, occur the most remarkable salt beds in aeales 
Figure 55 isa representation of a viel ther ater 

consist of anumber of layers with a 
iota chloride) of immense thickness at aaphnaepae 
The upper layer is carnallite, composed of potassi enti 
magnesium chlorides; the other layers contain, in ai 


Fre SX—RecitON rmacvea SraweunT SaLy BED 
Oese ohaft whi Lateral Canmets to Indicated, 


to these, magnesium, potassium, and calcium sulphates. 
They all contain large quantities of common salt. 
The total thickness of all the layers is almost half 
a mile, and the area they cover is quite unknown. All 
the layers are pure white except the carnallite, which is 
of a delicate pink. In 1850 a shaft was begun through 
the upper sandstones and clays to the salts and was 
only completed after five years. In the carly working 
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of the mine, the substances composing the upper layers 
were discarded as refuse, only the rock-salt being mined. 
Later, however, the carnallite began to be utilized as a 
source of potassium chloride. Indeed, to-day what was 
formerly refuse is most valuable, as the carnallite in 
the top layer is the source of almost all the world’s sup- 
ply of potassium salts. Consequently, Germany, be- 
cause she owns the Stassfurt salt bed, has had almost 
complete control of the manufacture of potassium salts. 
This is the reason that when the Great War broke out 
the prices of all potassium salts increased with a bound. 
At once, other nations had to look about for sources of 
potassium, and were compelled to resort to pre-Stassfurt 
methods of obtaining potassium salts. Again, the same 
beds supplied the salts from which the Germans manu- 
factured the poisonous gas, chlorine, used as a 
weapon of attack in the Great War. As the salts of 
these beds are identical with those found in sea water, 
they were undoubtedly formed by the evaporation of a 
great sea, which process must have taken place under 
exceptional circumstances to have produced a bed of 
such immense thickness. 

215. Other sources of potassium.—In the pre- 
Stassfurt days, wood ashes were a great source of 
potassium salts, and Canada was an important producer. 
In Upper and Lower Canada, as they were then calted. 
wood was piled in great mounds and burned in order to 
obtain the ashes, from which was dissolved the potash or 
potassium carbonate. Another rather remarkable source of 
potassium salts is the oily residue found adhering to the 
wool of sheep. This oil must be removed before the wool 
ean be further utilized, and from the oil is produced potas- 
sium carbonate. Purther, in the massive rocks of Canada 
we have vast quantities of potassium salts in the form 
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of silicates, beside which Stassfurt dwindles into insig- 
nificance; but unfortunately no commercial method of 
utilizing these for the extraction of potassium has yet 
been discovered, though at the present time much investi- 
gation is being carried on in order toaccomplish this result. 
216. Potassium salts.— Potassium, its oxides, hydrox- 
ides, and salts, 6o closely resemble sodium and its corre- 
sponding compounds that no detailed description of 
potassium and its compounds is necessary. Potassium 
chloride, though found in great quantities at Stassfurt, is 
much less abundant and more difficult to mine than rock- 
salt; and as the other ealts of cach are mostly derived 
from the chlorides, the price of potassium salts is much 
higher than the price of those of sodium. Furthermore, as 
the atomic weight of sodium is only a little more than half 
that of potassium, sodium, weight for weight, will go 
farther than potassium in chemical reactions. 
The most important compounds of potassium are the 
hydroxide, carbonate, chloride, chlorate, and nitrate. 
217. Potassium hydroxide.—Potassium hydroxide, 
usually called caustic potash, is a white detiquescent 
solid, very soluble in water. It is used in large quanti- 
ties for making soap. But while the soap produced by 
sodium hydroxide is hard and can be made into bars, 
that produced from caustic potash remains gelatinous, 
Sa ean ne eee a ie pest made at home 
which is boiled with fats. Sere te faneeel yes 
218. Potassium carbonate.—Thia i Y 
(com wood ashes, the oil from Please ed. ae 
Lerten chtoride. It is used largely for making soap 
219, Potassium nitrate or saltpetre has | 
Cully discussed (See. 184). It is now prediiced i tre. 
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quantities by the action of potassium chloride on sodium 
nitrate. When these two react, sodium chloride and 
potassium nitrate are formed. Now, at 100° C., 100 cc, 
of water dissolve 246 grams of potassium nitrate and 
only 39 grams of sodium chloride. Consequently, when 
the liquid is evaporated, the sodium chloride separates 
out from the boiling liquid on account of its small solu- 
bility. While still hot, the clear liquid is drawn off and 
allowed tocool. Since at 10°C., 100 c.c. of water dissolve 
not only 13 grams of potassium nitrate, but dissolve 
36 grams of sodium chloride—almost as much as the 
boiling liquid did—when the solution cools almost all the 
potassium nitrate settles to the bottom and is collected. 
Thus two soluble salts are separated by crystallization, 
largely because the solubility of sodium chloride is about 
the same in hot and in cold water. 

220. Test for potassium.—A potassium salt when 
placed in a colourless flame gives it a violet tinge. 
However, this colour is frequently masked by a trace of 
sodium. 


QUESTIONS 


1. Which do you consider the most important compound of 
sodium? Of potassium? Why? 

2. How much sodium hydroxide could be produced by the elec- 
trolysis of 1000 pounds of salt? (Sec. 116) 

3. Explain how soda can be prepared from sodium. Write 
the equations. Why is it not a good commercial method of 
preparing soda? 

4. Potassium nitrate is prepared by acting on sodium nitrate 
vith potasaium chloride. By a study of the solubility curves (Fig. 
26) of these salts and their products determine how these two salts 
can be separated. 

&. Why is sodium nitrate rather than potassium nitrate used 
for the preparation of nitric acid? 
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6. Why is potassium nitrate rather than sodium nitrate used for 


guapowder? E 

7. What is the difference _bevween( sods ond caustics be- 
tween (baking soda and ashing sedi cca iad soap, sod wots 
soap; between baking-soda_and_ baking: bet weendpotashes 
and caustic potash 

8 How would you distinguish sodium chloride, potassium 
chloride, and ammonium chloride ? 

- 9, Mow would you scparate a mixture of sodium and ammonium 
“Chloride? (See. 199) 

10. How can you prepare sodium hydroxide from sodium cat- 
bonate?. 

1h. Why are the metals, sodium and potassium, kept under kero- 
sene? ‘id 

12, State the three changes that take, place. in sodium when 
cxupored to the air, ¢ eee a PS data , 

13, What compounds of sodium aod of pot ‘Sina ds an’ ‘be vied to 
dry gases? at: 
M4. Why ts sodium carbonate used fn cleaning foo? Why is 
the hydroxide not uscd? 

15. How can you prove that plants contais potassium com- 
pouidal 
{ 16. fa the Solvay process of manufacturiog soda, why is the 
‘blearbonate obtained Greg rather than the carbonate? 

17. Why are sodlum carbonate aod bicarbonate used in wash- 
lpg and baking ratber than the potassium compounds? * ¢ & 

18. Which will acutrallse the greatcr quastlty of acid, a gram 

Yeotiuma hydroxbde or of potasslum hydronide? 

10. You arc given a white powder which is either washing-soda 
“or baking-soda. Mow can you tell which Ie bs? 


20. How can you distinguish Chill ealipetre f 
aslipere? Lats ete 


CHAPTER XIX 
CALCIUM 


221. Occurrence.—As calcium readily reacts w 
either air or water, it is never found in nature excc 
combined, but in combination it is one of the most abt 
dant of the elements. Indeed, of the metals only iron a 
aluminium form a larger part of the earth's crust. Lin 
stone, CaCOs, forms vast rock masses in many parts 
the world, while gypsum, CaSQ,.2H20, is also very abu 
dant. Calcium phosphate, a valuable mineral, is a! 
widely distributed. 

222. Preparation.—Up to 1904 calcium was a labo: 
tory curiosity, worth about five hundred and filty doll 
a pound. But by the end of 1905 the price had dropp 
to three dollars a pound, and now it can be purchased { 
less than one dollar a pound. This rapid decrease 
price is due to the fact that a new and casy method 
preparation was discovered. Although Sir Humph 
Davy prepared it shortly after he had prepared sodiv 
and potassium, he was never successful in freeing it fre 
mercury. In the modern process, illustrated in Figu 
56, calcium chloride is placed in a graphite crucib 
which forms the anode, while a bar of iron the end 
which is immersed in the fused salt forms the cathoc 
The height of the iron cathode is adjusted by a sere 
All the chloride, except the part at the bottom, is ke 
fused. This lower part, however, is kept cool by t 
circulation of water in the pipes shown in the Figure. ¢ 
passing a current the molten calcium floats to the t 
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of the melted salt, and as it collects on the surface of 
the icon the latter is raised so as to keep the bottom 
of the calcium just in contact with the fused chloride. 
ta this way an irregular bar of calcium is gradually 
formed on the bottom of the iron cathode. 

223. Properties.—Calcium is slightly harder than lead 
and, like sodium, is acted on by water, though not #0 
vigorously. It usually 
acts as a bivalent cle- 
ment. Though up to 
the present calcium has 
no application in chemi- 
cal industry, there is a 
strong probability that 
a metal 60 cheap will 
Prove useful in the fu- 
ture. Some of its com- 
pounds have been al- 
ready discussed, as the 
carbonate (Sec. 137), 
hypochlorite (See. 114), 
oxide, and hydroxide 
(See. 137). 

224. Calctum aul- 
phate.—A crystalline 
substance, whose com- 
Position is represented 
by the formula CaSO,.21,0, is called sypsum. As cale 
cium sulphate $8 a Component of sea-water it is usually 
found associated with salt beds. When it is heated to 
about 100° C. it loses part of its water, and at about 
120° c it changes into a fine white Powder, whose com- 
This peepee Presented by the formula (CaS0,)3.H,0. 
This powder, which is called blaster of Paris, is of great 
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commercial importance. When water is added, it form 
a white pasty mass which, in the course of ten minute: 
sets to a hard, firm solid. Since it expands slightly j 
setting it is largely used in making casts, for, on har 
ening, every crevice in the mould is filled. In the settin 
process the plaster of Paris, by combining with the requisit 
amount of water, changes back to crystals of gypsum 
This reaction may be expressed by the following equation 


2CaSO,.H20+3H20—>2(CaSO,.2H20). 


Besides this, plaster of Paris is used as a cement am 
for forming the outer coat of plaster on walls. Again 
gypsum is ground into a powder and used as a fertilize 
called land-plaster. Gypsum is only very slightly solub! 
in water. 

225. Calcium carbide.—This substance, which ha: 
been already described (Sec. 131), is produced by heat 
ing in the clectric furnace a mixture of quicklime anc 
hard coal: 

Ca0+3C—>CaC2+CO. 


Calcium carbide is manufactured in large quantitie: 
at Merritton and Welland in Ontario, and also in the 
Province of Quebec. Until quite recently it was 
used almost entirely for the production of acetylene gas 
now large quantities of it are prepared to be further 
manufactured into calcium cyanamide by absorbing the 
nitrogen of the air. 

226. Calcium phosphate.—This mineral is widely 
distributed, and when acted on by sulphuric acid, forms 
superphosphate of lime, a very valuable fertilizer. 
Calcium phosphate has been recently discovered in west- 
ern Alberta, and, if found in quantity, should prove of 
great value to the Western farmer. 
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227. Teste for calclum.—1. A salt of calcium mois- 
tened with hydrochloric acid and put in a colourless 
flame, tinges it light red. 

2. Sodium carbonate solution gives a white precipitate 
with a solution of a calcium salt. 

3. Sulphuric acid gives a white precipitate with a 
solution of a calcium salt, unless the latter solution is 
very weak, 


CHAPTER XX 


THE HALOGENS—BROMINE AND IODINE 


228. The halogen group.—This group includes chlo- 
rine, bromine (bro’-min), iodine (i’-o-din), and fluorine 
(flu’-o-rin). The name halogen, meaning a “producer of 
salt’, was given to these clements because they com- 
bine with metals to produce salt; that is, the salts found in 
the sea. The first three are intimately connected with 
the sea, as they are found in compounds in sea salt 
and also in the plants and animals that live in the sea; 
indeed, the main source of all of them is cither the sea 
directly, or salt beds whose salt was formerly found in 
the sea. 

Chlorine has already been treated, and the other 
members of the group resemble it closely in their proper- 
ties and compounds. We will first study the chemistry 
of each element and then compare the members of the 
group. 

BROMINE 

229. Properties.—Bromine, at ordinary temperature, 
is a heavy liquid. It is the only non-metallic element 
in the liquid state, just as mercury is the only liquid ele- 
ment among the metals. Since it vaporizes at ordinary 
temperature, it rapidly escapes as brown fumes from an 
open vessel. The vapour has an unpleasant odour 
which has given it its name, from_bromos, stench. 
Ae it is very irritating to the throat and cyes, 1 
ahould be handled in the laboratory with great care. 
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It is not very soluble in water, the saturated solution 
containing only about 3 to 4 per cent. of bromine. It 
is moderately soluble, however, in alcohol, ether, chloro- 
form, and carbon bisulphide, giving a characteristic brown 
solution. Like chtorine, it unites readily with many of 
the elements and acts as a bleacher. The vapour density 
of bromine would indicate that its molecular formula 
is Bra. 

230. Preparation.—There are several methods by 
which it can be prepared. One consists in acting on a 
mizture of manganese dioxide and sodium or potassium 
bromide, with concentrated sulphuric acid. The reactions 
are similar to those used for the preparation of chlo- 
rine (Sec. 107), except that the two operations must 
be performed together. 

Commercially the above method is not used. The 
world's supply of bromine at present comes from two 
sources, the Stassfurt ealt beds, and salt springs in the 
states of Ohio and Michigan. In both regions the 
element is prepared by passing chlorine through a solu- 
tion of magnesium bromide: 

Cr+ Mg Brz—> MgCla+ Dra. 

231. Hydrogen bromide is quite similar to the 
corresponding chlorine compound. Bromine and hydro- 
gen combine readily to form hydrogen bromide, although 
they do not unite so vigorously as chlorine and hydrogen. 
Hydrogen bromide is a gas very soluble in water, the 
solution _being a strong acid, hydrobromic acid, which 
ceacts with metals, their oxides and carbonates, to form 
the corresponding salts, the bromides. It can not readily 
be produced, however, by acting on a metallic bromide 
with sulphuric acid, as the hydrogen of part of the 
hydrogen bromide formed attacks the sulphuric acid 
and reduces it to sulphur dioxide, while the bromine is 
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liberated. This indicates a characteristic of hydrogen 
bromide, namely, its tendency to give up its hydrogen 
readily to reduce other substances containing oxygen. 

232. Other bromine compounds.—Bromine als, 
forme a series of oxygen acids and corresponding sali; 
analogous to those of chlorine. Hypobromous acid has 
the formula HBrO, bromous acid is HBrOz, bromic acid 
HBrO3, perbromic acid HBrOQy; there is some doubt, 
however, as to whether the last acid has been prepared, 
bet its salts are well known. 


IODINE 


233. Occurrence and preparation.—Iodine occurs 
in very small quantities in sea-water, but in much larger 
quantities in certain seaweeds that are washed up on 
the beach after storms. For many years these weeds 
were the chief source of iodine, and even now the sca- 
weeds are gathered to a small extent in Scotland, Ireland, 
and France, burned, and the iodine extracted from the 
iodides in the ashes by means of sulphuric acid and man- 
g2nese dioxide. In recent years, however, this source has 
been largely supplanted by the Chili nitre beds, already 
described. In Chili the mother-liguors, left after the 
crystallization of sodium nitrate, contain sodium iodate, 
from which iodine is easily extracted. From this source, 
indeed, it would be very easy to produce five times the 
quantity of iodine that is at present manufactured, but 
only enough is extracted for the world’s supply, which is 
limited. 

234. Properties.—Iodine is a black, flaky, lustrous 
solid. When heated it vaporizes without melting, such a 
process being called sublimation. The vapour is coloured 
violet. and it is from this property that the element re- 


ceived ite name, which ts deriveu wun eee oo 
iovides, meaning “like a violet". Though almost insolu- 
ble in water, it is very soluble in alcohol, ether, aqueous 
potassium iodide. chloroform, and carbon bisulphide. 
The solutions in the first three liquide are brown, while in 
the latice two they are a beautiful violet, reminding one 
of the vapour. Since the slightest trace of iodine has the 
property of turning starch paste intensely blue, this is 
a very delicate test for free iodine. [1s formula in the 
form of a gas at low temperature is Ix. while at higher 
temperatures it is f. 

235. Compounds of lodine.—lodine forms hydrogen 
iodide, HI; iodic acid, H10,; and periodic acid, HIQ,; all 
similar (o the corresponding chlorine and bromine com- 
pounds. Hydrogen iodide is not so stable as hydrogen 
chloride, being easily decomposed by heat, and in sun- 
light its solution in water rapidly liberates iodine. 

236. Uses of bromine and lodine.—These elements 
or their salts arc used extensively in photography, in the 
dye industry, and in medicine. 

237. Chlorides, bromides, and lodides.—The salts 
of the other halogen elements corresponding to the 
chlorides are quite similar to the latter, all giving in- 
soluble salts with silver nitrate. Solutions of the bromides 
and iodides are decomposed by chlorine, liberating 
bromine and iodine: 

2KBr+Cl,—>2KC1+Bry, 
2K1+Ch—>2KCl4ls. 
Bromine also liberates iodine (rom the iodides: 

238. 2K1+Brs—>2KBr+l3. 
er ee orem 
regular gradation of 6 tie iments, thar there wes's 
i io that properties as the atomic weights 

increased group, and the comparative tables of 
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properties below will show this gradation still more 
markedly in the case of the halogen group. 
a ee eS 


Property Chlorine Bromine lodine 
Atomic weight. .... 80 127 ! 
State at ordinary 

temperature....] gas liquid solid 
Melting-point...... —-102° C. -7.3° C. 114°C, j 
Boiling-point -33° C. 60°C. (about), 183°C, { 
Specific gravity.....) 1.55 (liquid) 3.19 (liquid) 5 (solid) | 
Colour of gas...... greenish brownish violet 


This similarity extends also to the compounds, as the 
following table of the properties of the haloid acids 
shows: 


Property Hydrogen | Hydrogen | Hydrogen 
Chloride | Bromide lodide 


Molecular weight. 128 
Boiling-point..... nie -34.1° C, 
Meleting-point...... «- +] “HIG? C. . -51°C, 
Solubility in water.......- 42% 57% 
Boiling-point of solution...} 110° C. 127°C. 
Dissociation begins at..... 1500° C. - 180° C. 
Potassium salt melts at....{ 790° C. 705° C. 
Solubility of eilver salt....| 0.016% 0.000028 5. 
Solubility of calcium ealt../ 42.7 67.6 


QUESTIONS 


1. Which decomposes at the lowest temperature, hydrogen 
chloride, hydrogen bromine, or hydrogen iodide? ; 

2. lodized starch paper is made by soaking absorbent paper in 
starch paste with a little potassium iodide in it. What would be 
the colour of the paper? If the paper were: dipped in chlorine 
water. what colour would it turn? Explain and try the experiment. 
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3. Write the equation for the union of hydrogen with bromine 
vapour, Bra. If 100 ¢.c. of hydrogen are used, how many cubic 
ceatimetees of hydrogen bromide would be produced? 

4. 1 a mixture of sodium chloride and iodide were given you, 
how would you prove the mixture contains both a chloride and 
an lodide? 

5. Mow would you distinguish bromine vapour from nitrogen 
perouide? 

G& Give the derivation of the names of the halogen elements. 

7. How can you distinguish between a chloride, a bromide, 
and an lodide? 

& How many grams of magneium bromide are necemary 
to produce 180 grams of bromine, when it ix decomposed by 
chlorine? What volume of chlorine gas at X.T.P. is Necessary 
to liberate the bromine? 

9 Mow can bromine be obtained from hydrobromic acid? 
Write the equation? 

10. Ta a clase in botany it is required to find whether a leaf 
contains starch. Suggest a method of carrying out the tes. 

ve ee foemulx for the following: stuminium bromide, m 
cu . cakium bromate, potassium periodate, ferric bromide, 
Phosphorous bromide, phosphoric bromide, sodium hypoledite, 
magoesium perbromate. Radics = 

12. Write names for the substances represented by the follo: 
log formule: Nig, Nel, KBrO,, Ca(IOy)3, AIB 5 ts, 
Mg(Br0),, HI, NCR, CIO. eile SECIS 

13, Bromine reacts with sinc, 7 
‘ike bie cabailoas. Phosphorus, and potassium. Write 
wate became mized with sand, how could the two be 

15. What Laboratory method Is My good 
of chlorine, bromise, aod fodinc? pasts for the preparation 
Cjiiies large 0 flask ray be Glled with bromi 

ral pressore when 10 of bromiac mine vapour at 
the latter Immersed in boiling wae? Ars pat in a flask and 


CHAPTER XXI 
OZONE AND HYDROGEN PEROXIDE 


239. Ozone.—Frequently when an arc lamp is turned 
on or a statical electrical machine is made to spark, 
the surrounding air acquires a peculiar odour. While 
this phenomenon was observed almost 150 years ago, it 
was many years later before it was ascertained that the 
odour was due to the formation of a peculiar substance. 
The substance that produced the odour was called ozone 
(0z0, to smell). 

Ozone can be prepared in a variety of ways. When 
clean phosphorus is in contact with moist air, traces of it 
are formed. As the oxygen rises from the anode when 
acidulated water is being electrolysed, quantitics of ozone 
are mixed with it. The apparatus used to form it in 
large quantities is shown in Figure 57. It consists of two 
concentric glass tubes, A and B, with metallic coatings. 
These coatings are connected with the terminals of an 
induction coil, by means of which a silent discharge is 
passed between the inner and the outer tube. When 
oxygen is passed through the space between the tubes, 
part of it is converted into ozone ; which, as it bubbles 
through the solution of potassium oxide at (, turns the 
liquid brown. This reaction is a test for ozone. 

240. Properties of ozone.—Ozone is a gas which, as 
ordinarily prepared, is mixed with oxygen. But it has 
recently been converted into a beautiful indigo-coloured 
liquid. It can be converted into oxygen and can be 
formed out of oxygen without change of weight, there- 

20 
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fore it must be an allotrope of this clement. Besides, as 
its density is 14 times that of oxygen, 3 formula must 
be Oy, and the equation expressing the reaction 13 
30;<—>20s, : 

for since by heating the ozone it is converted into oxy- 
gen, the reaction is reversible. Ozone i3 an excellent 
oxidizing agent. Hence if silver is exposed to it the 
lustre of the silver is replaced by a tarnish of silver 
oxide. If litmus, indigo, and other colouring matters are 


Fic. $37.—Orove Test 
AL Oetes tobe wih mertaliic costing. B. leore tebe with metalic costing. C. Place 
Cwataiaeg a hvilon of potumiam todike. 0. Tobe through whith Une oxyere 


mn, 


brought into contact with it, they are rapidly bleached. 
Again, a delicate test for ozone is moist starch paper 
containing some potassium iodide, for the iodine is {reed 
from the potassium iodide by the ozone and at once 
makes the starch blue. There is a popular opinion that 
ozone is found in considerable quantities in the air of 
certain localitics, and that such air is particularly health- 
ful; but there is much doubt as to whether any ozone is 


found in air, and as to its powers of invigoration abso- 
lutely nothing is known. 
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. As ozone attacks organic matter it is a valuable dis. 
infectant; in fact, it is now used commercially to purify 
air and water; and as cheaper methods of preparation 
are learned, it will probably be used very extensively for 
such purposes. 

241. Hydrogen peroxide. — Hydrogen peroxide is 
most readily prepared vy acting on barium peroxide with 
dilute sulphuric acid: 

BaO, +H,SO,—>H,0, + BaSO,. 
It is generally used in the form of a dilute solution. 
The pure peroxide, a syrupy liquid, if dropped on the 
hand, produces a blister. When heated it decomposes 
into water and oxygen. Diluted with water it is mode- 
rately stable but, if slightly acidified, it can be kept for 
a long time. 

It is, like ozone, a powerful oxidizing agent. For ex- 
ample, it converts lead sulphide into lead sulphate. In- 
deed, on account of this property it is used to restore 
the colour to old pictures, in which the lead carbonate has 
become converted into lead sulphide owing to the sul- 
phurous gases in the air. Again, like ozone it liberates 
iodine from a solution of potassium iodide. On account 
of its oxidizing power it is also an effective bleaching 
material, and is more and more replacing sulphurous 
acid for this purpose, as its effect is more permancnt 
than that of the latter substance. Accordingly, it is much 
used commercially for bleaching wool, silk, straw, and 
wood, and some women use it for bleaching their hair. 
On account of its oxidizing property it is a powerful 
antiseptic, and is used medicinally as a wash and a gargle. 

It is rather remarkable that hydrogen peroxide is also 
sometimes a powerful reducing agent. In reducing, how- 
ever, it is itself reduced to water. For example, it re- 
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duces silver oxide to silver according to the following 


cquation: 
Agz0+H,0;—>2Ag+11,0+0). 


242, Test for hydrogen peroxide.—Thce teats that are 
used for ozone usually give the same reaction with hydro- 
gen peroxide, lodized starch paste is a very sensitive test 
for both, but docs not distinguish between them. The 
oxidizing of silver is a rough test for ozone, which 
distinguishes it from hydrogen peroxide. 


QUESTION 


1. Name three important bleaching substances; state how cach 
acts chemically in bleaching, and what materials are beer 


Uleached by each, 
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Sulphurous acid 221, 222, 234 

bleaching actlon 222, 282 
Sulphur trioxide 220, 221, 223 
Super-cooling 212 
Superphosphate of Lime 272 
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Soe@Slightly soluble In water 


Jelnsolable in water. 


S=Solable in water. 


